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DANKWOORD  
 
“Alles heeft een einde, 
behalve een worst, 
die heeft er twee” (Marc Sleen, 1950) 
 
KLAAR! Mo how zeg! Wie had er dat ooit gedacht? Een doctoraat … Over werkgeheugen 
dan nog … Bijna vijf jaar lang bezig geweest met werkgeheugen. Niet simpel hoor. Maar, 
beste lezer, bijna alles heeft een einde. Het resultaat is er. Je kan het zelfs vastnemen, er 
eens goedkeurend aan snuffelen en een prominente plaats in je boekenkast geven. 
Jawadde dadde!  
Dit pronkstuk van menig boekenkast zou er echter niet geweest zijn zonder de hulp en 
het gezelschap van heel wat mensen die elk op hun eigen, unieke manier bijgedragen 
hebben aan dit doctoraat. 
Ernst, mijn promotor, de Hannibal Smith van THE E-TEAM. Bedankt voor je optimisme, 
begeleiding en vertrouwen. Ik was zeker geen doorsnee doctoraatsstudent en had zeer 
veel bezigheden buiten mijn doctoraat waar ik vaak met meer enthousiasme over sprak 
dan over onderzoek naar werkgeheugenprocessen. Toch heb je mij steeds aanvaard 
zoals ik ben, en heb je hiermee rekening gehouden bij het samen uitdenken van het 
traject dat ik hier heb afgelegd. Ook wanneer ik door tegenvallende resultaten er aan 
dacht om andere horizonten te verkennen, was je zeer begripvol, maar heb je mij het 
duwtje in de rug gegeven dat ik op dat moment nodig had. 
Rudi, de Godfather van het PANlab. Je doet me denken aan de stripfiguur Asterix. Bij 
jouw geboorte hebben ze jou zeker laten vallen in een ketel vol serotonine. Jouw 
gedrevenheid en enthousiasme werken aanstekelijk voor iedereen waarmee je 
samenwerkt.  
Filip Raes, Wim Notebaert, Adriaan Spruyt en Maarten Milders, de leden van mijn 
begeleidingscommissie. Jullie waren het perfecte excuus om één maal per jaar de 
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 werkdag te beginnen met chocoladekoeken, maar jullie brachten vanuit jullie expertise 
vooral veel goede inzichten en ideeën die het doctoraat jaar na jaar mee de goede 
richting uit stuurden. 
Colin en Lies. Dankzij jullie was ik zes weken te gast aan de University of Western 
Australia. Ik kon uitgebreid proeven van de Australian way of life en tussendoor kreeg ik 
nieuwe inzichten in de mogelijkheden, maar ook moeilijkheden van 
werkgeheugentraining. Bedankt voor jullie gastvrijheid. Het was -om het op z’n 
Australisch te zeggen- GREAT! 
Collega’s, en vooral vrienden van de psychologie. Niets maakt een werkplaats leuker dan 
te mogen ervaren dat veel collega’s ook echte vrienden worden.  
Lynn. Mijn oase van amusement in een woestijn van wetenschap. Kort nadat ik jou als 
nieuwe collega leerde kennen, transformeerde je in jouw ware gedaante: Lynndsey. Als 
lachen echt gezond is, dan word ik minstens 100 jaar. Jouw typische humor, oersimpel, 
maar toch geraffineerd kleurde steeds mijn dag, zowel tijdens als buiten de kantooruren. 
Naast onze vele binnenlandse belevenissen hebben we ook andere werelddelen onveilig 
gemaakt. Onveilig, dat mag je gerust letterlijk nemen. In IJsland heb je onze beperkte 
voorraad drinkwater weggegoten om ‘op gewicht te besparen’ en in Australië heb je 
onze camper vastgereden in het zand, enkele honderden kilometer van de 
dichtstbijzijnde beschaving en GSM antennes. ‘We gaan het oplossen’ was dan ons 
motto, en de voorbije maanden heb je bewezen dat je ook het probleem van een 
doctoraat dat moest geschreven worden op een indrukwekkend vlotte en elegante wijze 
kon oplossen.  
Jonas en Jonathan. Samen veranderden we lokaal 140.022 in de Testosterontempel, het 
mekka van mannelijkheid op de Poezenboot en een toonbeeld van hedendaags 
interieurdesign. Onder het goedkeurend oog van Jacky Lafon, Odilon Mortier en René 
Devrée hebben we elkaar op duizend en één manieren beetgenomen, een Senegalese 
oplichtersbende opgerold, competities opgestart in kwakbal, balbal, posterbal, 
confettibal en vele andere balsporten, maar vooral dagelijks lief en leed gedeeld. 
Uiteindelijk slaagden we er alle drie in -de één al wat rapper dan de ander- de liefde van 
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 ons leven te vinden op de Poezenboot. O ja, en tussendoor hebben we natuurlijk flink en 
voorbeeldig gewerkt. 
Ineke, tijdens de waterschaarste in IJsland heb ik je echt goed leren kennen. Bedankt 
voor je nuchtere en wijze raad, voor de contractuele cake en het gezellig gezelschap. 
Berna, thank you for allowing me to experiment with your hair, tape and scissors, and 
your delicious Turkish desserts. Kristof en Laura, de nieuwste aanwinsten van The  
E-Team. We hebben niet zo lang kunnen samen werken, maar ik heb me met jullie nog 
kostelijk (en met Kristof ook kotselijk) geamuseerd. Bedankt Evi, om mijn meetje te zijn, 
toen ik nog een groentje was en nog zoveel moest leren. Pauwel, je wou zo graag de 
wereld verkennen en beter maken. Ik ben blij en trots dat je daar in je jonge en veel te 
korte leven zeker in geslaagd bent.  
Bedankt, talrijke PANlab collega’s: Alvaro, An, Anamaria, Anders, Antonio, Anouk, Berna, 
Chris, Ernst, Evi, Gilles, Igor, Ineke, Inez, Jasmina, Jonas, Jonathan, Jun, Kristien, Kristof, 
Laura, Lin, Lien, Lynn, Maja, Manon, Marie-Anne, Maud, Monica, Naomi, Nathalie, Nele, 
Nuria, Pauwel, Romain, Rudi, Samira, Saskia, Selene, Sofie, Stephanie, Sven, Valentina en 
Wioleta, Het was een waar genoegen om deel van deze leuke bende te zijn.  
Zoals je merkt, de Faculteit Psychologie en Pedagogische Wetenschappen is goeie 
potgrond waar mooie vriendschappen in groeien, niet alleen in het PANlab, maar zeker 
ook binnen de vakgroep Experimenteel-Klinische en Gezondheidspsychologie. Ook 
bezoekjes aan de vrienden van de ontwikkelingspsychologie, bedrijfspsychologie, 
onderwijskunde, en de reeds gesloopte containers aan de overkant van de straat 
zorgden voor heel wat sfeer en gezelligheid. 
Bedankt Lore en Emelien, Samourai en Ayla. Om het met jullie eigen woorden te zeggen: 
‘Op elk potje past een potje’. Hopelijk kunnen we snel nog eens samen de bloemetjes 
buiten zetten. Bedankt An en Inge om mijn twee zorgzame bureaugenotes te zijn voor al 
dat mannelijk geweld hier jullie plaats innam. Olijfje, bedankt voor je memorabele 
feestjes en de koekjes uit jouw koekjeskast. Alexis, Sabine, Olivia, Elke, Julie en Nizio, 
bedankt om goede buren te zijn en sorry voor de geluidsoverlast die soms gepaard ging 
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 met ons harde werk. Bedankt Katrijn, Gaëlle, Julie en Laura. Als ik met jullie de trein nam 
richting de Far West mocht de rit gerust wat langer duren. 
Annick, Sylvie en Wouter, de administratieve duizendpoten van de PP05. Bedankt voor 
alle praktische ondersteuning en de gezellige babbels. Restodames en -heren, bedankt 
voor de sympathieke bediening, en dat extra schepje saus op Spaghetti Wednesday. 
Els, Barbara, Charlotte, Elien, Julie en Susanne, mijn thesisstudentes. Bedankt voor jullie 
enthousiaste hulp en de aangename samenwerking. Bedankt ook aan alle 
proefpersonen die aan mijn experimenten deelgenomen hebben. Mijn 
werkgeheugentraining was soms een werkgeheugenfoltering. Hopelijk hebben jullie er, 
in tegenstelling tot wat ik in dit doctoraat rapporteer, toch wat leuke effecten aan 
overgehouden. 
Bedankt vuurvrienden van Brandweer Harelbeke. Bij jullie kon ik mijn kinderdroom om 
pompier en chauffeur van grote rode camions te worden waarmaken. Het actieve en 
diverse werk als brandweerman en ambulancier zorgde voor de nodige afwisseling met 
het soms wat te lang stilzitten op mijn bureaustoel. 
Maaike, mijn ‘engelke van goud’. Jij bent het allerbeste neveneffect van mijn doctoraat. 
Sinds ik je toevallig tegen kwam in de inkomhal van de faculteit ben je ’t mooiste deel 
van mijn leven geworden. Bedankt voor je onvoorwaardelijke liefde, je fonkelende 
oogjes en jouw spontane lach. Gaan samenwonen met jou maakte van Harelbeke een 
hemeltje op aarde, een hemeltje dat sinds kort uitgebreid werd met de langverwachte 
komst van Marcel. En Joke, mijn sympathieke collega die plots mijn schoonzus werd, 
bedankt om op tactische wijze het toeval een klein handje toe te steken. 
En laatst, maar niet in het minst, bedankt aan mijn lieve familie, mijn moetje, papa, 
Martine, oma’s, opa’s, nichtje en mijn schoonfamilie. In een warme thuis hebben jullie 
mij gekweekt tot wie ik geworden ben. Bedankt voor alles!  
Thomas 
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GENERAL INTRODUCTION  
 
A major depressive disorder is considered among the most burdensome and 
prevalent of all psychiatric disorders (Fryers et al., 2004). An estimated 8 to 20% of the 
population will experience at least one depressive episode during their lifetime (Alonso 
et al., 2004; Eaton et al., 2008; Fryers et al., 2004). That said, a depressive disorder is a 
constellation of affective (negative mood, low self-esteem, loss of interest and pleasure), 
cognitive (irrational negative thoughts, memories and interpretations, poor 
concentration, indecisiveness), somatic (loss of energy, disturbances in sleep and eat 
patterns) and behavioral (agitation or fatigue) symptoms (American Psychiatric 
Association, 2000, 2013). Furthermore there is a substantial risk for suicide. Recent 
literature reviews have shown a lifetime risk of suicide for affective disorders up to 15% 
(Inskip, Harris, & Barraclough, 1998). Hence, depression is associated with serious 
individual suffering, detrimental effects on personal relationships and professional 
functioning, and a high societal cost in terms of sick leave (Kessler et al., 2006), 
comorbidity with health problems (Moussavi et al., 2007) and treatment costs (Luppa, 
Heinrich, Angermeyer, Konig, & Riedel-Heller, 2007). 
There is a wide range of pharmacological and psychological treatment methods 
for depression that can be effective, especially at short term (Dobson et al., 2008), 
however, despite these treatment efforts, challenges remain in improving response 
rates and ensuring stable levels of remission at long term (Kessler & Wang, 2009; 
Mueller et al., 1999; Vittengl, Clark, Dunn, & Jarrett, 2007). Moreover, each depressive 
episode increases the sensitivity to stress (Monroe & Harkness, 2005), as well as the risk 
to develop new depressive episodes (Keller, 2003). Given the enormous impact of 
depression on personal and interpersonal well-being and the difficulties to prevent 
recurrence at long term, research into the factors underlying the development and 
maintenance of a depression is crucial for a better understanding of this disorder, and 
to develop new or refine old treatment methods for a more successful and long-lasting 
outcome. 
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 In the past decades, research on the aetiology of depression has led to a 
multifaceted view with a dynamic interplay of biological, interpersonal and 
psychological vulnerability factors. Within this framework, biased cognitive processes, 
such as attention (De Raedt & Koster, 2010), memory (Raes et al., 2006; Williams et al., 
2007) and interpretation (Wisco & Nolen-Hoeksema, 2010), play an important role. 
These biases seem to be linked to basic working memory impairments. Working 
memory can be defined as a limited-capacity system for the temporary storage of 
information and a mechanism of central or executive attention that regulates and 
processes the content of the working memory (Baddeley & Hitch, 1974; Jonides et al., 
2008). It is a central mechanism in nearly all cognitive operations and is therefore 
inevitably involved in these biased cognitive processes characterizing depression 
(Joormann, Yoon, & Zetsche, 2007). Indeed, general impairments in working memory 
performance are observed during a depressive episode (Doumas, Smolders, Brunfaut, 
Bouckaert, & Krampe, 2012; Gohier et al., 2009; Harvey, 2004; Rose & Ebmeier, 2006). 
Interestingly, difficulties are mainly observed when negative information has to be 
removed (Joormann & Gotlib, 2008), updated (Levens & Gotlib, 2010) or manipulated 
(Joormann, Levens, & Gotlib, 2011) in working memory or during shifting between 
different categories of emotional information (De Lissnyder, Koster, Derakshan, & De 
Raedt, 2010). These difficulties to remove or control negative information in working 
memory can sustain negative thought by preventing more positive or neutral 
alternative information to enter working memory. Indeed, such an interplay is observed 
in depression in the form of ruminative thinking, a response style strongly implicated in 
depression, that can be described as the repetitive thoughts focused on causes, 
consequences and meanings of one’s negative mood state (Nolen-Hoeksema, 1991; 
Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008).  
Even though the association between working memory impairments and 
depressive symptoms has been extensively demonstrated (e.g. Joormann et al., 2007), 
little is known about the true nature of this association. It is possible that depression or 
rumination deplete working memory resources (Philippot & Brutoux, 2008), and thus 
the observed working memory impairments are a mere consequence of a depressed 
state. Alternatively, the working memory impairments described above could be seen 
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 as a pre-existing vulnerability factor for depression. More specifically, the difficulty to 
remove negative information or thoughts from working memory may cause a prolonged 
exposure to this information, which could be one of the key processes underlying 
ruminative thinking (Joormann & D'Avanzato, 2010). This in turn is a risk factor for 
negative affect, impaired problem solving and eventually depressive symptoms (Nolen-
Hoeksema et al., 2008). It is also possible, that a third factor causes both causes working 
memory distortions and depressive symptoms. Crucially, the cross-sectional designs 
used in most empirical research in this context do not allow to investigate the causality 
of an association. Therefore an experimental approach is required (Koster, Fox, & 
MacLeod, 2009), in which the presumed causal factor is manipulated while other factors 
are controlled, to subsequently monitor the effect on depressive symptoms. 
The aim of the PhD project was to investigate the causality of the association 
between working memory processes and features of depression. First of all, this project 
has substantial theoretical importance. A better understanding of the role of working 
memory processes in the onset, maintenance and course of depression would be an 
important contribution to the rapidly growing knowledge of this disorder. Second, if 
evidence for a causal role of working memory processes would be found, this could be a 
lead for future, treatment and/or prevention methods, enhancing working memory 
functioning as a complement to existing interventions (Siegle, Ghinassi, & Thase, 2007). 
During the PhD project, a series of studies were performed to elucidate the causal role 
of working memory impairments in depressive symptoms. We have conducted a 
programmatic set of studies investigating key questions to finally determine whether 
there is a causal relation, including examination of:  
(a) The correlation between specific working memory impairments and 
depressive symptoms; 
(b) The predictive relationship between working memory impairments and the 
development of depressive symptoms over time; 
(c) The causal status of working memory impairments in depression by 
experimentally manipulating working memory functioning 
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 Below I will describe how each of these research goals is examined and presented 
within this PhD thesis. 
In chapter 1, an extensive overview of the theoretical framework and relevant 
research is given, focusing on the possibilities of working memory training as a valid 
manipulation of working memory functioning. Literature on non-clinical as well as 
clinical applications is reviewed. Despite initial promising results using a multifaceted 
(e.g. Klingberg et al., 2005) or single task approach such as the dual n-back training 
(Jaeggi, Buschkuehl, Jonides, & Perrig, 2008) several methodological issues are 
addressed. Researchers tend to consider change in one single task as a general change 
in the underlying ability. Often this task is closely related to the training task (near 
transfer), while transfer to different task should be observed to demonstrate a 
meaningful gain in working memory performance. Moreover, improvement in working 
memory is often assessed using simple span tasks, that are rather indicators of short 
term memory, than complex information processing in working memory. Finally, several 
studies have been conducted without an adequate control group (Shipstead, Redick, & 
Engle, 2010, 2012). These issues were taken into account while designing the 
experimental studies in the PhD project. Nevertheless, in recent years clinically relevant 
results were obtained using cognitive control training, including a working memory 
training component (Siegle et al., 2007; Siegle et al., in press) in a depressed sample. In 
a dysphoric sample, Owens, Koster, and Derakshan (2013) demonstrated improvements 
in working memory capacity and filtering efficiency using the dual n-back training of 
Jaeggi et al. (2008). Furthermore, an adaptation of the dual n-back paradigm using 
emotional stimuli improved processing of emotional information (Schweizer, Grahn, 
Hampshire, Mobbs, & Dalgleish, 2013; Schweizer, Hampshire, & Dalgleish, 2011) 
indicating transfer of working memory training could extend to the emotional domain. 
Hence, this critical review paper set the stage for the subsequent empirical chapters. 
Chapter 2 is a cross-sectional study investigating the association between 
disturbances in working memory processes and subclinical depressive symptoms, with 
rumination in particular. Given the cross-sectional design, the objective of the study was 
not to test the causality of the association between working memory and features of 
depression, but to investigate if the difficulties to update irrelevant negative 
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 information already observed in a currently depressed sample (Joormann & Gotlib, 
2008) could also be found in a non-clinical sample. If the association between more 
subtle, subclinical features of depression or rumination and difficulties to efficiently 
update negative stimuli in working memory could be identified in a healthy sample, one 
could argue that these disturbances in working memory are not a mere side effect of a 
depressive episode, but could already be present before the development of clear 
symptoms. Consequently, this could be a lead for longitudinal studies investigating if 
processing of emotional information in working memory could predict future 
depression.  
For the purpose described above, a new paradigm, the proactive interference 
task, was developed to specifically measure the proactive interference of previously 
relevant emotional words on the processing of new emotional information in working 
memory. The hypothesis that more proactive interference of negative material would 
be associated with higher rumination or depression scores was tested in two separate 
experiments. Unfortunately the results did not indicate significantly heightened 
proactive interference of negative material related to depression or rumination scores 
in a non-clinical sample. Potential explanations for these null-results are discussed. 
Possibly, the proactive interference task was not an accurate indicator of working 
memory performance. Therefore a combination of well validated non-emotional and 
emotional measures of working memory performance was used for the following 
studies. 
In chapter 3, we investigated if impaired working memory functioning could 
predict future ruminative response or depressive symptoms of undergraduates during 
the four week examination period and at 12 and 18 month follow-up. This longitudinal 
design could help to clarify mechanisms underlying the cross-sectional association 
between working memory functioning and depressive symptoms demonstrated in 
previous studies (e.g. Joormann & D'Avanzato, 2010; Joormann & Gotlib, 2008; 
Joormann et al., 2011; Levens & Gotlib, 2010). If the presence of working memory 
impairments during a non-stressful period could predict an increase of rumination or 
depressive symptoms during examinations, this would provide evidence for working 
memory disturbances as risk factor for the development of a depressive disorder. 
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  Previous research by De Lissnyder et al. (2012) demonstrated that impaired 
shifting between emotional material in working memory at baseline moderated the 
association between reported stressors and rumination during exams. The current study 
tried to replicate and extend the results of De Lissnyder et al. (2012) by adding the 
operation span task (Turner & Engle, 1989), a standard non-emotional working memory 
task to the baseline assessment. In addition, a larger sample was collected and the 
follow-up period was increased to 18 months. The findings of De Lissnyder et al. (2012) 
were not replicated. However, we did find an expected effect of operation span task 
performance on the temporal evolution of rumination. Nevertheless, the majority of the 
hypotheses were not confirmed. Plausible explanations and implications are discussed. 
In chapter 4, the actual causality of the link between working memory processes 
and rumination or other depressive symptoms was investigated. Even though previous 
cross-sectional (see chapter 2) and prospective studies (see chapter 3) can provide an 
indication about the underlying mechanisms contributing to the development of a 
depressive disorder, a methodologically sound experimental design is required to test 
the hypothesized causality. In this experimental design, the presumed causal factor 
needs to be manipulated in the experimental group, while all other factors are 
controlled for in an adequate control group. Several studies investigating the 
possibilities of working memory training provide evidence for the efficacy of training 
and potential transfer to other competences, such as fluid intelligence (Buschkuehl & 
Jaeggi, 2010). The dual n-back training, originally used in a training study of Jaeggi et al. 
(2008) is one of the best documented training tasks and was therefore used as 
experimental manipulation in the current study. Nevertheless, several methodological 
shortcomings could threaten the validity of training studies (see chapter 1). Therefore, 
we closely adhered to the recommendations of Shipstead et al. (2010, 2012) in the 
design of the study. More specifically two experiments were conducted using the dual 
n-back task as experimental manipulation, and active as well as passive control groups 
in a preselected undergraduate sample, scoring high on rumination. Before and after a 
one week training period participants were administered a combination of well 
validated working memory tasks, assessing different aspects of the processing of non-
emotional as well as emotional information. Using questionnaires pre and post levels of 
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 rumination and depressive symptoms were measured. Two weeks after the 
experimental or control training, questionnaires were completed a third time as follow-
up. We hypothesized that participants, already scoring relatively high on rumination, in 
the experimental group would benefit from improvements in working memory 
functioning, and would therefore be less inclined to ruminate and would thereupon 
show less subclinical features of depression compared to control groups. In the second 
experiment we additionally controlled for metacognitive beliefs about rumination 
(Papageorgiou & Wells, 2001) to investigate if improvements in working memory 
functioning could enhance ruminative thinking when rumination was regarded as 
helpful. Even though performance on the dual n-back task clearly improved, no 
meaningful transfer effects were found on working memory performance assessed by 
the outcome task, levels of rumination or subclinical depressive features. Possible 
explanations for the failure to find transfer, and theoretical implications are discussed. 
Finally, in the general discussion, an integrative overview of the findings in each 
research line of the PhD project is given. Theoretical and clinical implications, as well as 
limitations and directions for future research are discussed, to end with the general 
conclusion. 
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WORKING MEMORY TRAINING AS 
INTERVENTION IN DEPRESSION? 
PROMISES AND PITFALLS
1
 
 
Abstract 
There is a strong interest in working memory training as a new intervention for 
depression. Provided the cognitive and neuropsychological impairments observed in 
depression, working memory training may be a promising tool in remediating 
attentional and memory problems to subsequently improve mood. We first consider the 
state-of-the-art on working memory impairments in relation to different stages of 
depression (at-risk, sub-clinical, clinical and remitted). Then, we review the current 
empirical literature on the effect of working memory training on working memory 
efficiency, emotion processing and depressive symptoms. Finally, we discuss some of 
the current pitfalls of this research and provide avenues for future research. 
  
                                                     
1
 Based on Koster, E.H.W., Onraedt, T., Owens, M., & Derakshan, N. (2014). Working memory 
training as intervention in depression? Promises and pitfalls. Manuscript in preparation. 
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 Introduction 
Depression is worldwide (Kessler et al., 2006) one of the most prevalent and 
disabling mental health conditions. An estimated 8 to 20% of the population will 
experience at least one depressive episode during their lifetime (Alonso et al., 2004; 
Eaton et al., 2008; Fryers et al., 2004). Despite well-established cognitive, behavioural 
and pharmacological treatment options for depression, that have acceptable short-term 
effectiveness, various challenges in the treatment of depression remain. Major 
challenges are that relapse or recurrence rates after remission or recovery remain very 
high and tend to increase (up to 80%) with the number of episodes (Beshai, Dobson, 
Bockting, & Quigley, 2011). Moreover, there is a substantial proportion of patients who 
fail to respond to treatment (Thomas et al., 2013). Treatment-resistance and recurrent 
depressive episodes provide important problems as they are associated with poorer 
psychosocial outcomes due to increasing social problems (e.g., elevated divorce rates) 
and financial problems (e.g., multiple sick leaves, unemployment).  
A crucial idea is that current treatments insufficiently target key vulnerability 
factors of depression, causing depression to remit insufficiently or, when remitted, to 
still act as a risk factor for new depressive episodes. Although, cognitive impairments 
such as concentration, memory, and attentional problems were initially considered side 
effects of the affective problems, recent neurobiological as well as cognitive research 
indicates that cognitive control over information in working memory may be a key 
psychological vulnerability factor (Joormann, Yoon, & Zetsche, 2007; Millan et al., 2012; 
Siegle, Ghinassi, & Thase, 2007). Cognitive control refers to processes that allow 
information processing and behaviour to vary adaptively from moment to moment 
depending on current goals, rather than remain rigid and inflexible. Cognitive control 
processes include a broad class of mental operations including goal or context 
representation and maintenance, and strategic processes such as attention allocation 
and stimulus-response mapping. Miyake et al. (2000) have suggested the existence of 
three major, separable control functions: mental set shifting (shifting), information 
updating and monitoring of working memory representations (updating), and inhibition 
of prepotent responses (inhibition).  
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 Recent findings from psychopathology research based on cognitive tasks and 
neuropsychological research converges in indicating that depression is associated with 
impaired cognitive control. That is, reduced performance on working memory and set-
shifting tasks is observed in major depression. Moreover, individuals at-risk for 
depression based on elevated depression scores or high scores on rumination, have also 
been found to display reduced cognitive control (De Lissnyder, Koster, Everaert, et al., 
2012). In the latter samples, impaired cognitive control is mainly observed when 
individuals are processing emotionally negative information (e.g., angry faces or 
negative self-referring words). Research indicates that these impairments are not 
merely correlates of depression, but (a) can be observed in at-risk population without or 
unrelated to elevated depression scores (Koster, De Lissnyder, & De Raedt, 2013); (b) 
predict the development of new depressive symptoms in prospective studies in at-risk 
samples (Demeyer, De Lissnyder, Koster, & De Raedt, 2012). 
From a neuroscientific perspective researchers have similarly argued that fronto-
limbic disruptions play a crucial role in functional cognitive impairments in emotion 
regulation (for reviews, see Pizzagalli, 2011; Roiser, Elliott, & Sahakian, 2012). Key 
findings from neuroimaging studies include that depression is associated with reduced 
brain activity in both the dorsolateral prefrontal cortex (DLPFC) and anterior cingulate 
cortex (ACC) (Davidson, Pizzagalli, Nitschke, & Putnam, 2002; Pizzagalli, 2011), with 
decreased activation in these prefrontal areas being related to reduced cognitive 
control (Collette & Van der Linden, 2002; Smith & Jonides, 1999). Depression-related 
increased or sustained amygdala activity in response to negative information 
(Surguladze et al., 2005; Taylor & Fragopanagos, 2005) has also been related to 
impaired recruitment of frontal areas (Siegle et al., 2007). Disruptions in this circuitry 
could lead to some of the hallmark features of depression such as problems in 
regulating mood and sustained negative affect (De Raedt & Koster, 2010; Joormann, 
Yoon, et al., 2007). Given the cognitive and neurobiological evidence, various authors 
have argued that improving cognitive control could be useful in remediating 
information processing biases, and thus in treating depression (Roiser et al., 2012; 
Siegle et al., 2007).  
29
Chapter 1: Working memory training as intervention in depression
  The current paper reviews the current state-of-the-art on the efficacy of 
cognitive training for depression. Considering that this field is still in its infancy, we 
provide a qualitative review of the current stand of empirical research relevant to this 
area. First, we present key findings on cognitive control impairments in relation to the 
different stages of depression (i.e., at risk, currently depressed, remitted depressed). 
Second, the different procedures to train working memory efficiency are presented, 
discussing key findings on the transfer of training on cognitive variables and emotion 
regulation. Third, we provide an overview of current findings on the efficacy of working 
memory training on cognitive and emotional variables in relation to the different stadia 
of depression. Finally, we discuss the promises and pitfalls of working memory training 
as intervention. 
Impaired cognitive control in relation to stages of depression 
In this section, the major findings on impaired cognitive control over information 
in working memory in relation to depression are presented. For this purpose, 
considering the three stages of depression is beneficial: at-risk, current depression, and 
recurrent depression. Examining the presence of cognitive control impairments in an at-
risk sample provides an indication whether cognitive control impairments can precede 
major depressive episodes. Moreover, data are less influenced by the depressed mood 
state in at-risk populations. To examine the idea that cognitive control impairments in 
working memory are a risk factor for recurrent depression, the remitted depressed 
stage is of specific interest where there could either be a scaring effect of previous 
depressive episodes or cognitive control impairments are stably present not being 
affected by treatment (Wichers, Geschwind, van Os, & Peeters, 2010). Moreover, in this 
section the literature is organized around the three proposed correlated but separable 
components of cognitive control: (1) inhibition; (2) monitoring and updating of working 
memory representations; and (3) switching (Miyake et al., 2000). 
Cognitive inhibition 
Depression-related impairments in inhibition capacity have been quite 
extensively investigated. Research provides evidence for inhibition impairments in 
depression when processing non-emotional information, nevertheless, the results are 
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 limited and appear to be restrained to severely depressed patients (e.g. Kaiser et al., 
2003; Linville, 1996; MacQueen, Tipper, Young, Joffe, & Levitt, 2000). Interestingly, 
there is increased evidence that impaired inhibition in depression is more pronounced 
in the processing of emotional material (Joormann, Yoon, et al., 2007). In particular, 
depression is thought to be characterized by valence-specific inhibition impairments for 
negative material that is self-relevant. Cognitive inhibition operates at early and later 
stages of information-processing, among others in preventing the access of irrelevant 
distracting information to working memory as well as removing previously relevant 
information. Theorists have argued that impairments at this level could affect further 
downstream processing of information in (long-term) memory (Hasher & Zacks, 1979). 
There are a number of tasks that have been developed specifically to examine inhibition 
capacity in the processing of neutral and emotional information.  
Results from studies using the negative affective priming (NAP) paradigm 
(Joormann, 2004) lend support to the idea that dysphoria and depression are related to 
difficulties in keeping irrelevant emotional information from entering working memory. 
In the NAP-task, a complete trial is comprised of two sequential trials: a prime trial and 
a probe trial. Both trials consist of a simultaneously presented distractor and target 
stimulus. In all trials, participants are required to respond to the target by categorizing it 
as negative or positive, while ignoring (inhibiting) the distractor. In the experimental 
condition, the valence of the distractor in the prime trial corresponds with the valence 
of the target in the probe trial. In the control condition, there is no such similarity 
between prime and probe. The idea is that inhibition of valence on the prime trial will 
cause a delay in responding to the previously inhibited valence, thus delaying the 
response to the target in the probe trial. This response delay is called the NAP-effect 
and can be considered as a valid index of inhibitory function towards affective material 
(Wentura, 1999). In contrast, faster responding on the target can be considered as an 
indication for impaired inhibition. Studies using the NAP-task indicated that depressed 
patients (Goeleven, De Raedt, Baert, & Koster, 2006) and dysphoric undergraduates 
(Joormann, 2004) are characterized by reduced inhibition of negative information (sad 
faces or negative words) compared to never-depressed controls. No group differences 
were found for positive material. Research with formerly depressed individuals suggests 
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 that the valence specific inhibition impairment even persists after recovery from 
depression (Joormann, 2004; Joormann & Gotlib, 2007). Importantly, a study by 
Joormann, Talbot, and Gotlib (2007) showed that never-depressed daughters of 
mothers who have experienced recurrent depressive episodes were also characterized 
by enhanced attention for negative information. These findings support the idea that 
reduced inhibition of negative material might be a cognitive vulnerability factor as it 
precedes the development of depressive complaints in an at-risk sample.  
Several studies used the antisaccade task (Hallett, 1978) to investigate inhibition. 
In the variable analysis of several tasks measuring executive processes of working 
memory it was found that the antisaccade task loaded highly on the inhibition function 
compared to other tasks (Miyake et al., 2000). In an antisaccade trial, participants are 
instructed to generate a saccade to the mirror position of an abrupt-onset peripheral 
cue. Performance on antisaccade trials is usually compared to performance on 
prosaccade trials where participants are simply instructed to look towards the cue, 
eliminating any conflict between volitional and stimulus-driven processes. The main 
dependent variables in the antisaccade task are saccade latency (time elapsed between 
onset of cue and the first saccade generated in the right direction) and error rates 
(misdirected saccades). A study in an undergraduate sample selected on high and low 
dysphoria showed that depressive symptoms in general were not related to 
impairments in cognitive control, but interestingly depressive rumination was 
associated with impaired inhibition of non-emotional material (De Lissnyder, Koster, 
Derakshan, & De Raedt, 2010). In an emotional modification of the antisaccade task, 
Derakshan, Salt, and Koster (2009) included emotional faces as cues, reasoning that 
negative emotional faces might instigate stronger inhibitory problems in subclinically 
depressed individuals compared to neutral or positive faces. However, their results 
showed that the dysphoric group, compared with the non-dysphoric group, had higher 
error rates when stimuli were emotional expressions, particularly happy facial 
expressions in the standard antisaccade task.  
A study by Whitmer and Banich (2007) investigated inhibition as well as 
switching related to different types of rumination. In this study, a task switching 
paradigm based on a design developed by Mayr and Keele (2000) was used to 
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 determine if cognitive control impairments in high ruminators were associated with 
inhibition or switching impairments in the context of non-emotional information. It was 
found that the two types of rumination, reflective pondering and brooding, were 
associated with different cognitive control impairments. Brooding was specifically 
associated with an impairment in inhibition. Using a paradigm, where affective 
information was included in the task by Whitmer and Banich, De Lissnyder, Koster, De 
Raedt, & Derakshan (2010) examined if depressive symptoms in general, and 
rumination specifically, are related to impairments in inhibition and set shifting in 
response to emotional and non-emotional material. The main finding was that 
depressive symptoms in general were not related to inhibition or set shifting 
impairments. However, rumination was related to inhibition impairments and impaired 
set-shifting, specifically when processing negative information. These results are 
discussed in relation to cognitive views on vulnerability for depression. 
Zetschke and Joormann (2011) performed a 6-month prospective study using an 
emotional flanker task to assess individual differences in resolving interference from 
simultaneously presented irrelevant stimuli. Moreover, they used the NAP task with 
word and face stimuli to assess difficulties in controlling interference from internal 
representations of previously rejected material. Importantly, Individual differences in 
negative priming at time 1 further predicted depressive symptoms and rumination at 
time 2. These results suggest that depressive symptoms are related to impaired 
interference control for verbal and pictorial information and provide evidence that 
individual differences in interference control can predict the maintenance of depressive 
symptoms and rumination. 
In sum, several studies found generally impaired inhibition in clinically depressed 
patients. However, although there is some variability across paradigms, most studies 
found evidence for impaired inhibition for negative material in relation to depressive 
symptoms. Interestingly, there is some data suggesting that these inhibitory problems 
could precede depressive complaints and act as a vulnerability factor. Moreover, studies 
indicate that these inhibitory problems are more tightly linked to rumination rather 
than depressive symptoms in general. 
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 Updating of working memory  
In addition to difficulties keeping irrelevant emotional information from entering 
working memory, research indicates that depression is also associated with difficulties 
removing negative material from working memory. Joormann and Gotlib (2008) used a 
modified Sternberg task that combines a short-term recognition task with instructions 
to ignore a previously memorized list of words to assess inhibition of irrelevant positive 
and negative stimuli. In this task, two lists of emotional words are presented 
simultaneously. After the lists are memorized, a cue indicates which of the two lists is 
relevant for a subsequent recognition task. In this recognition task, participants indicate 
whether a single word (probe) came from the relevant list. Hence, probes from the no-
longer-relevant list must be rejected, and new (positive or negative) probes also need to 
be rejected. The difference in reaction times to an intrusion probe (i.e., a probe from 
the irrelevant list) and reaction times to a new probe (i.e., a completely new word) 
indexes the amount of residual activation of contents of working memory that had to be 
removed from working memory (Oberauer, 2005). Compared to never-depressed 
controls, depressed individuals exhibited longer decision latencies to emotionally 
negative intrusion probes (i.e., a probe from the irrelevant list) than to new negative 
probes (i.e., a completely new word). No depression-related differences were found for 
positive words. Follow-up research with this task provides further support that 
depression is associated with difficulties to remove irrelevant negative material from 
working memory (Joormann & Gotlib, 2008; Joormann, Nee, Berman, Jonides, & Gotlib, 
2010). 
Using an emotional adaptation of the n-back task, Levens and Gotlib (2010) 
investigated the processing of emotional information during continuous updating of 
working memory. In the n-back task, originally designed by Kirchner (1958) a series of 
stimuli is presented sequentially at a fixed pace. At each presentation, the current 
stimulus needs to be compared to the stimulus presented n steps before (same or 
different). At each presentation of a new stimulus, the stimulus n+1 steps before 
becomes irrelevant implicating constant taxing of updating processes in working 
memory. Levens and Gotlib (2010) used the 2-back version with pictures of happy, 
neutral or sad faces as stimuli. Response latencies indicated that depressed individuals 
34
Chapter 1: Working memory training as intervention in depression
 disengaged faster from happy faces and slower from sad faces compared to never-
depressed controls, even when controlling for perceptual speed, based on 0-back 
performance. These results suggest that depressed participants experience specific 
difficulties to replace sad by happy representations, and that this specific biased 
processing does not originate from perceptual processes, but from executive control 
processes in working memory. 
In sum, multiple studies show that depression is associated with difficulties to 
remove and replace previously relevant emotional, and especially negative information. 
Switching impairments 
Research also provides evidence for switching impairments in depression. Early 
research in this area typically used the Wisconsin Card Sorting Task (WCST; Heaton, 
1981; Heaton, Chelune, Talley, Kay, & Curtiss, 1993). The aim of the WCST is to 
determine what rule should be used to sort target cards to match key cards that vary in 
stimulus dimensions. Feedback is given to participants about correct and incorrect 
matches and they must be able to adjust their performance when the rule changes in an 
unannounced new rule. Participants can exhibit impaired performance by making more 
perseverative errors where they persist in performing the task according to the old rule. 
On computerized non-emotional versions of this task, dysphoric undergraduates and 
depressed patients make more perseverative errors, suggesting a general shifting 
impairment (Harvey, 2004; Merriam, Thase, Haas, Keshavan, & Sweeney, 1999; Rogers 
et al., 2004). Similar to previous research, emotional modifications of this task have 
been developed to investigate whether these impairments are modulated by emotional 
valence of the stimuli. Murphy et al. (1999) developed an affective shifting task that 
required participants to respond to either positive or negative target words while 
inhibiting responses to words of the competing affective category and also to shift 
attention from one affective category to the other. Deveney and Deldin (2006) 
developed an emotional modification of the WCST in which emotional words were 
written on target cards, but the emotional valence was irrelevant to successful 
performance on the task. The results of both studies (Deveney & Deldin, 2006; Murphy 
et al., 1999) indicate that depressed individuals show the largest impairment on set 
shifting when stimuli are negatively valenced. However, provided that there is some 
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 criticism on the WCST as a measure of switching impairments, researchers have also 
used other tasks to examine task or set switching in depression. 
In a series of studies using the internal shift task (IST), it has been examined 
whether there are depression-related difficulties in shifting between negative and 
neutral classes of information held in working memory (De Lissnyder, Koster, & De 
Raedt, 2012; Koster et al., 2013). They found that specifically rumination and mainly 
brooding was related to impaired switching from negative to neutral internal 
representations. In clinically depressed individuals they found overall difficulties to shift 
attention, regardless of valence (De Lissnyder, Koster, Everaert, et al., 2012). In a recent 
prospective study, the IST was used to examine whether inter-individual differences in 
switching between emotional and non-emotional material held in working memory, 
plays a moderating role in the association between the occurrence of a stressful event 
and the tendency to ruminate (De Lissnyder, Koster, Goubert, et al., 2012). Results 
revealed that impaired cognitive control, reflected in larger switch costs, moderated the 
association between stress and increased rumination. Interestingly, a larger switch cost 
when processing emotional material was specifically associated with increased 
depressive brooding in response to stress.  
There is evidence to indicate that set shifting impairments are a stable 
vulnerability factor given that a study found set shifting impairments in a remitted 
group of MDD-patients (Paelecke-Habermann, Pohl, & Leplow, 2005). Another 
prospective study using the IST with remitted depressed patients, also found that 
impaired switching predicted new depressive symptoms a year later (Demeyer et al., 
2012). Interestingly, in the latter study, the effect was fully mediated by rumination. 
That is, switching impairments predicted higher rumination levels that subsequently 
predicted depressive symptoms. 
In sum, similar to the inhibition and updating components, there is extensive 
research showing depression-related impairments in switching, especially for negative 
emotional information. Prospective studies in at-risk samples also found evidence that 
switching impairments predict rumination and subsequent depressive symptoms. 
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 Working memory training 
General approaches 
There is a long history of studies trying to find training effects of cognitive tasks 
in non-clinical research with healthy populations. This has turned out to be a 
challenging endeavor (for a review, see Shipstead et al., 2012). In this context, the 
distinction between 1) improvements on the specific training task, 2) near transfer, 
being improvements on tasks that are similar to the training tasks and 3) far transfer, 
being improvements on tasks or other measures that are not of the same nature or 
appearance as the training task, is crucial (Shipstead, Redick, & Engle, 2010). Critical to 
far transfer is the assumption that the training task and the outcome share a more 
general underlying processing component, and that improving this general component 
might lead to benefits in daily life performance (Shipstead et al., 2010). 
In the last decade, several studies have investigated far transfer effects of 
working memory training. In a literature review, Morrison and Chein (2011) made the 
distinction between strategy training, focused on teaching participant explicit rules for a 
particular task and core training, focused on repetitively rehearsing demanding tasks to 
improve domain-general working memory processes. Several studies showed near 
transfer effects of strategy training, for example encoding and recalling stimuli using a 
story (e.g. McNamara & Scott, 2001) but generalization from strategy training effects 
has rarely been tested. Moreover, because of the specificity of certain strategies, far 
transfer is not theoretically expected (Morrison & Chein, 2011). Within core training, 
most far transfer effects have been demonstrated using (parts of) the commercialized 
Cogmed training battery (Klingberg, 2007; Klingberg et al., 2005; Klingberg, Forssberg, & 
Westerberg, 2002), a multifaceted training approach using a combination of varying 
tasks and stimulus types. Most transfer effects of the Cogmed training battery were 
found in children with ADHD on cognitive control, fluid intelligence (Klingberg et al., 
2005) and symptom severity ratings (Klingberg et al., 2002). Transfer on cognitive 
control and fluid intelligence was also replicated in a healthy young adult sample 
(Olesen, Westerberg, & Klingberg, 2004). Using a different battery of working memory, 
perceptual speed and episodic memory training tasks, Schmiedek, Lovden, and 
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 Lindenberger (2010) found positive transfer effects on cognitive abilities. However, 
these effects cannot be simply attributed to working memory training because of the 
combination with the other training tasks. 
In contrast to the multifaceted approach, Jaeggi, Buschkuehl, Jonides, and Perrig 
(2008) used a single, but adaptive task. Their study, indicating that a newly developed 
working memory training paradigm; the dual n-back task could lead to an increase in 
fluid intelligence, has been one of the most influential and cited working memory 
training studies. In the dual n-back task combinations of a visual (square position) and 
an auditory (spoken letter) stimulus were presented sequentially at a rate of 3 seconds. 
At every presentation, participants had to respond if one of the presented stimuli 
matched a stimulus n steps before by pressing a button. The difficulty of the task was 
adapted to the participant’s performance by gradually changing the level of n according 
to the number of errors per session (Jaeggi et al., 2008). Every participant trained for 
approximately 25 minutes per day, for a period of 8 to 19 days. Compared to a no 
training control group and controlling for baseline scores, participants in the training 
group showed a significant increase in fluid intelligence scores. Further analyses 
indicated that the gain was responsive to the dosage of training. In a follow up study 
Jaeggi et al. (2010) demonstrated that a single n-back task can have the same training 
potential related to fluid intelligence as the dual n-back task. Also Chein and Morrison 
(2010) found transfer effects of an adaptive complex working memory span task on 
cognitive control and reading comprehension. Using a variant of the single n-back task 
that was made more appealing to children, Jaeggi, Buschkuehl, Jonides, and Shah (2011) 
showed that transfer to fluid intelligence was dependent of improvements during 
training, and this effect remained at follow-up, three months later. Reviewing the 
literature, Klingberg (2010, p. 322) concludes that “the observed training effects suggest 
that working memory training could be used as a remediating intervention for 
individuals for whom low working memory capacity is a limiting factor for academic 
performance or everyday life”. 
However, recent review articles highlighted methodological shortcomings of 
several working memory training studies, putting the obtained transfer effects into 
perspective. Shipstead, Redick, and Engle (2012) expressed several concerns. First, 
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 researchers tend to consider change in one single task as change in the underlying 
ability or construct. More specifically, improvements in one single transfer task, e.g. 
Raven’s Progressive Matrices (Raven, 1990) cannot be simply stated to represent 
improvements in fluid intelligence because of random and systematic error variance of 
the specific task used (Shipstead et al., 2010, 2012). To demonstrate effects of working 
memory training, a combination of different transfer tasks that share the same 
underlying ability should be used. Second, reports of increased working memory 
capacity are often based on simple span tasks that are rather indicators of short term 
memory than working memory (i.e. not only storage but also processing and controlling 
information), while the latter is more closely related to complex span tasks (Shipstead 
et al., 2012). Third, several training studies have been conducted without an adequate 
control group. The task used in the active control group should require the same level of 
involvement as the experimental task to avoid the Hawthorne effect (French, 1953; 
Shipstead et al., 2012). For instance, if an adaptive training paradigm is used, the control 
group should ideally receive a control training that is also adaptive and requires the 
same effort but does not involve working memory processes. Finally, several studies 
include subjective reports to measure transfer to daily life. However, these subjective 
reports are vulnerable to expectations of participants and raters (Shipstead et al., 2012). 
Taken together, Shipstead et al. (2012, p. 647) state that the current literature 
provides insufficient evidence of the efficacy of working memory training. Therefore, 
future research needs to include a combination of measures of the targeted ability, with 
near and far transfer measures that differ sufficiently from the training task, an 
adequate and active control group and, when subjective measures are used, raters that 
are blind to the condition of the participant. To further add to this criticism, Owen et al. 
(2010) performed a large scale working memory training study (n = 11.430), using an 
active control group and 12 different transfer tasks, and thus meeting with most of the 
limitations mentioned above. They demonstrated that participants improved 
significantly on the trained tasks, but no evidence was found for a substantial transfer 
to non-trained tasks and thus improvements in general cognitive abilities. In sum, there 
is some doubt about the notion whether it is possible to train working memory 
functioning and whether training regimes that are currently used, actually target 
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 working memory operations. Therefore, in reference to training, we chose to describe 
training regimes at the procedural level (e.g., dual n-back training instead of working 
memory training) and refer to such training procedures using the process-neutral term 
cognitive training. When studies use specific outcome measures related to working 
memory operations, we will indicate this. 
Despite the criticism on whether training can actually change working memory 
capacity or fluid intelligence, several other research lines indicate that extensive 
practice or training can have sustained influences on cognitive processing speed and 
efficiency. For instance, it has been found that video game players are faster and more 
accurate in the monitoring and updating of working memory than non- video game 
players (Colzato, van den Wildenberg, Zmigrod, & Hommel, 2013). Green and Bavelier 
(2003) conducted a series of experiments on the effects of video game playing on visual 
attention comparing action video game players and non-video game players. They 
found that video game playing experience enhances the capacity of the players’ visual 
attention system. Finally, a recent study has shown that performance gains are not 
restricted to the action game genre, but that playing Tetris, a casual puzzle game, can 
also improve working memory in young adults (Nouchi et al., 2013). In fact, it has been 
recently shown that structured and intense computerized working memory training 
with patients suffering from acquired brain injury improved cognitive functioning, rated 
occupational performance and rated overall health (Lundqvist, Grundstrom, Samuelsson, 
& Ronnberg, 2010).  
Recently, also the neural correlates of working memory training have been 
investigated. Research has shown that the training devised by Klingberg leads to 
functional brain changes located in the prefrontal association cortex (Westerberg & 
Klingberg, 2007). Evidence for functional changes in fronto-parietal brain areas after 
different types of cognitive training has also been reported (for a review, see Klingberg, 
2010), suggesting that cognitive training can induce changes in both the central 
executive component of working memory and maintenance processes. Two recent 
cross-sectional morphological studies have revealed more gray matter volume in the 
left ventral striatum for frequent compared with infrequent video gamers and a positive 
association between bilateral hippocampal formation, as well as occipital cortex, with 
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 the cumulative amount of video game hours over the lifetime (Kühn & Gallinat, 2013; 
Kühn et al., 2011). More relevant for the present project is the fact that when 
comparing brain changes between a control and a video gaming training group, trained 
for 2 months for at least 30 minutes per day with a platform game, significant gray 
matter increase can be observed in left dorsolateral prefrontal cortex (DLPFC) after 
training (Kühn et al., in press). Given the key role of the DLPFC in cognitive control, and 
the fact that depression is associated with reduced brain activity in the dorsolateral 
prefrontal cortex, this finding confirms the potential of using cognitive control training 
to counteract depression (see Siegle et al., 2007).  
In sum, despite ongoing controversy about the claim that working memory 
capacity can be trained in healthy individuals to transfer to general cognitive 
performance, there is extensive research indicating that repeated practice of specific 
cognitive operations can have sustained effects on cognitive performance on related 
tasks (near transfer) at the behavioural and neural level. In the subsequent section we 
review a number of key findings that suggest that this type of cognitive training tasks 
might influence relevant cognitive processes in relation to depression. 
Potential of cognitive training for depression 
 On the basis of our review of the literature on cognitive control and depression, 
several questions can be posed to start examining the potential of cognitive training to 
influence some of the pathological processes related to depression. Two key questions 
addressed here are (1) considering cognitive impairments in depression, can cognitive 
training remediate such cognitive impairments and (2) considering the relevance of 
biased and maladaptive emotion processing in depression (e.g., rumination), can 
cognitive training improve emotion processing? 
Can cognitive training improve depression-related cognitive impairments 
 In answering this question, Owens, Koster, and Derakshan (2012, 2013) 
performed interesting proof-of-principle studies in individuals with sub-clinical 
depression (dysphoric participants with Beck Depression Inventory-II scores > 20). In a 
first study, using direct neural measurement with event-related potentials (ERP), they 
examined whether dysphoric individuals showed poor filtering of irrelevant information 
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 and reduced working memory capacity compared with non-dysphoric individuals using a 
widely used and well-validated spatial working memory paradigm (Vogel, Woodman, & 
Luck, 2001). In this paradigm, which on some trials required participants to selectively 
remember a set of items in the presence of task irrelevant distractors, working memory 
capacity is estimated from performance on the memory task. Moreover, to index the 
ability to efficiently filter irrelevant information and working memory capacity, neural 
activity was recorded during the task using ERP. Vogel and colleagues (McCollough, 
Machizawa, & Vogel, 2007; Vogel & Machizawa, 2004) previously found an ERP 
component in posterior regions (Contralateral Delay Activity, CDA) occurring 200 ms 
after presentation of the to-be-remembered items. CDA amplitudes have been found to 
be sensitive to the number of items remembered during each trial, increasing 
significantly between arrays of up to four items (McCollough et al., 2007). Vogel, 
McCollough, and Machizawa (2005) used this component as a direct neurophysiological 
measure of whether or not the irrelevant items unnecessarily consumed working 
memory capacity. The study by Owens et al. (2012) showed a strong positive correlation 
between the ability to filter irrelevant information and working memory capacity across 
all participants. Importantly, dysphoric participants were poor at filtering irrelevant 
information, and showed reduced working memory capacity relative to high capacity 
non-dysphoric participants. 
 In a cognitive training study, Owens and colleagues (2013) examined whether 
impaired filtering of irrelevant information could be improved through dual n-back 
training. In this study, they investigated transfer of dual n-back training to the Vogel et 
al. (2001) paradigm. For this purpose, dysphoric individuals were allocated to either a 
training condition using the adaptive dual n-back task, or an active control condition 
presenting a single 1-back task that was not adaptive. Both tasks were administered 20 
minutes a day for eight days. All participants (11 participants per condition) completed 
the Vogel paradigm before and after training, indexing both behavioural and neural 
markers of working memory capacity. Dysphoric participants in the training group 
showed training related gains in working memory that were accompanied by gains in 
working memory capacity and filtering efficiency compared to an active control group. 
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 Results provide important initial evidence that behavioural performance and neural 
function in dysphoria can be improved through cognitive training. 
Can emotion processing be improved through cognitive training? 
Using an emotional cognitive training paradigm with 45 healthy participants, 
Schweizer, Hampshire, and Dalgleish (2011) attempted to replicate the results of Jaeggi 
et al. (2008). In addition, they specifically tried to target processing of emotional 
information in working memory. Therefore, they modified the dual n-back task by 
changing the squares and spoken letters to pictures of faces and spoken words 
respectively. For the neutral group, neutral faces and words were used, while in the 
emotional group, faces with a negative expression in combination with negative words 
were used. A third group was an active control group that performed an adaptive 
feature matching task, putting a minimal load on working memory processes. In each 
group, participants received 20 days of training, at a minimum of 20 minutes a day. The 
cognitive transfer tasks were identical to Jaeggi et al. (2008). Moreover, an emotional 
Stroop task (Preston & Stansfield, 2008) was used as a measure of transfer to the 
processing of emotional information. In this emotional Stroop task, participants had to 
categorize an affective adjective as angry, happy or sad, while they had to ignore a 
picture of an emotional face in the background. In a congruent trial, the adjective and 
face shared the same valence and the response was facilitated, while in an incongruent 
trial, the adjective and face differed in valence, so the value of the face had to inhibited, 
which hampered the response.  
Confirming their first hypothesis, Schweizer et al. (2011) replicated the findings 
of Jaeggi et al. (2008). Compared to the control group, digit span and fluid intelligence 
scores improved significantly after dual n-back training (for this analysis, the emotional 
and neutral training group were merged because no differences were found between 
both). In the second part of the study, also confirming the hypothesis, Schweizer et al. 
(2011) found that only the emotional dual n-back group showed greater transfer effect 
to the emotional Stroop compared to the control group. This study offers preliminary 
evidence that transfer of working memory training could extend to the emotional 
domain. In a follow up study, Schweizer, Grahn, Hampshire, Mobbs, and Dalgleish (2013) 
reused the emotional dual n-back training and the feature matching control task from 
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 their previous study (Schweizer et al., 2011) in combination with pre- and post-training 
neuroimaging and an emotion regulation task (Gross, 2002) in which participants were 
shown neutral and distressing movie clips. During half of the distressing clips 
participants were asked to watch without trying to regulate their emotions, while in the 
other half, participants were instructed to cognitively regulate their emotional distress. 
After each clip participants were asked to rate their experienced distress on a Likert 
scale. Schweizer et al. (2013) found that after 20 days of emotional working memory 
training, performance on the emotional dual n-back task improved relative to the 
control group. Furthermore, these improvements were related with increased efficiency 
of the frontoparietal brain regions. Moreover, emotional working memory training was 
associated with decreased reports of emotional distress after viewing distressing movie 
clips when instructed to regulate the emotions, relative to the clips during which the 
participants did not have to regulate emotions. No decrease was found for the control 
group. This indicates that the emotional working memory training is related with 
improved emotion regulation. Finally, improvements in emotion regulation were 
associated with increased activation of the same frontoparietal regions involved in 
emotional dual n-back task progress.  
These promising results suggest that specifically targeting the processing of 
emotional information using an emotional variant of the dual n-back training can 
improve control over emotional information and emotion regulation during distress. 
Effects of cognitive training in clinically depressed samples 
While the studies of Schweizer et al. (2013; 2011) and Owens et al. (2013) used a 
non-clinical population to investigate the effects of working memory training, Siegle et 
al. (2007) used clinically depressed patients (n = 31) to investigate the effect of cognitive 
training added to treatment as usual compared to a control group only receiving 
treatment as usual. The cognitive control training protocol was composed of two 
components known to activate the prefrontal cortex, being Wells’ attention training 
(Wells, 2000) in which participants exercise their selective attention by counting sounds 
accompanied by naturalistic sounds, and the adaptive Paced Auditory Serial Addition 
Task (PASAT; Gronwall, 1977) in which series of digits are presented and participants 
continuously have to add the currently presented digit to the previously presented digit. 
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 This task relies mainly on updating processes in working memory and is tailored to the 
participant’s performance by changing the inter-stimulus interval between each digit. 
After two weeks, participants who received the cognitive control training showed 
significant improvements in the PASAT performance compared to the control group. 
Furthermore rumination and depression scores, measured by the Ruminative Responses 
Scale (RRS; Nolen-Hoeksema, Morrow, & Fredrickson, 1993) and the Beck Depression 
Inventory-II (BDI-II; Beck, Steer, & Brown, 1996) respectively, significantly decreased 
relative to the control group. A subset of the participants also completed fMRI 
assessment. These results indicated that disruptions in the amygdala and dorsolateral 
prefrontal cortex related to depression normalized after cognitive control training 
(Siegle et al., 2007).  
In a recent study, Siegle et al. (in press) extended the data obtained in the 
previous study (Siegle et al., 2007), using the same cognitive control training and 
treatment as usual control group in a clinically depressed population (n = 43). After two 
weeks, a significant group by time interaction effect was found for rumination scores. 
More specifically, scores decreased in the cognitive control training group, but not in 
the control group. The same pattern was found for the brooding subscale of the RRS, 
reflecting passive and maladaptive contemplation (Treynor, Gonzalez, & Nolen-
Hoeksema, 2003) but not for the reflection subscale, indicating adaptive cognitive 
problem solving. Depression severity scores improved, but in contrast to rumination 
scores, no differential group effects were found. Furthermore, pupil dilation indices 
during pre and post PASAT administration were used as a physiological measure of 
cognitive load during task performance (see Beatty, 1982). Higher pupil reaction during 
pre-training PASAT performance and lower pupil reaction in rest were associated with a 
higher decrease in rumination scores after cognitive control training, indicating training 
was most beneficial for those strongly engaging with it. Moreover, during a one year 
follow-up, Siegle et al. (in press) observed less need for clinical care in the cognitive 
control training group.  
These preliminary results in a clinical population are promising, but several 
methodological concerns might compromise the validity of these findings. Firstly, 
treatment as usual is not an adequate control group for training combined with 
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 treatment as usual. Adding a training comparable in intensity, but putting a minimal 
load on working memory should be considered for future research. Secondly, 
participants were informed that changing rumination was a study goal, which might 
have created demand effects. Thirdly, the cognitive control training was a combination 
of attentional and working memory training. Therefore, the specific effect of each single 
component could not be disentangled. 
Promises and Pittfalls 
 The set of studies described above provide encouraging data to consider 
cognitive training to improve depression. Clearly, larger-scale studies are required to 
build strong confidence in the clinical efficacy of cognitive training in depression. Yet, 
there are several interesting theoretical and clinical applications that will be discussed 
here to guide further research. Moreover, some of the potential pitfalls will also be 
discussed. 
Theoretical avenues 
These cognitive training studies hold important promise for theoretical studies 
into the causal role of cognitive processes in depression. As reviewed earlier, cross-
sectional and prospective studies already provide some supportive evidence for the 
idea that cognitive control impairments may play a causal role in the etiology and 
maintenance of depressive symptoms. However, the designs of these studies does not 
warrant conclusive evidence for a causal relation. Hence, the experimental 
improvement of cognitive control allows for stronger conclusions where the current 
data suggests that cognitive control influences emotion processing and emotion 
regulation (Schweizer et al., 2013; Schweizer et al., 2011; Siegle et al., 2007; Siegle et al., 
in press). This fits with previous prospective studies showing that the relation between 
cognitive control and subsequent depressive symptoms could be mediated by 
maladaptive emotion regulation strategies, such as rumination (Demeyer et al., 2012). 
However, this relationship was not observed in a recent study examining a non-selected 
undergraduate sample (Vanderhasselt et al., 2014). 
In order to allow more fine-grained theoretical conclusions, further 
understanding of the mechanisms of cognitive training is of crucial importance. In many 
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 instances, training methodology is comprised of different tasks that load on various 
underlying processes (e.g., working memory capacity, attentional control etc.). Here a 
crucial methodological aspect is that training needs to be compared to an active control 
condition in order to rule out general accounts in terms of placebo effects and 
behavioural activation (Shipstead et al., 2012). Even when active control conditions are 
used oftentimes differences remain in the level of engagement in training and the 
amount of positive feedback received. Hence, laboratory studies in healthy individuals 
should try to examine the separate contributions of these effects. 
Clinical potential 
 As described earlier, there remain important challenges to the treatment of 
depression, in improving both direct response rate to treatment and the prevention of 
recurrent depressive episodes. The potential benefits of cognitive training can be 
related to the different stages of depression where specific therapeutic and/or 
preventative actions can be beneficial. 
Depression risk  
A first context where cognitive training could be beneficial is in individual who 
are at elevated risk to develop depression. Mainly when this risk is situated at the 
cognitive level, working memory training could be a useful tool. For instance, one key 
vulnerability factor for depression is heightened levels of ruminative thinking (Nolen-
Hoeksema, Wisco, & Lyubomirsky, 2008). Considering that rumination has been reliably 
associated with cognitive impairments (for reviews, see Koster, De Lissnyder, Derakshan, 
& De Raedt, 2011; Whitmer & Gotlib, 2013), training cognitive control over information 
in working memory might reduce levels of rumination. Indeed, the work by Schweizer et 
al. (2013) and Siegle et al. (2007, in press) suggests that this is a valuable option. 
We would like to add cautionary note here that the effect of cognitive training 
on rumination could depend on the extent to which rumination is uncontrollable and 
involuntary. That is, high levels of rumination could be due to reduced ability to exert 
cognitive control or to reduced motivation to exert cognitive control. We have mainly 
discussed the option that rumination is associated with impaired cognitive control 
abilities. However, one could also hypothesize that high ruminators may be 
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 characterized by a reduced motivation to execute cognitive control due to meta-
cognitive beliefs about the positive effects of rumination (Papageorgiou & Wells, 2001). 
Such meta-cognitive beliefs can reduce individual’s motivation to use cognitive control 
to stop ruminating. It could well be that if individuals have positive meta beliefs about 
rumination, improving cognitive control could have the paradoxical effect to further 
enable ruminative thought. 
Acute depression 
Cognitive training could be a useful addition to current psychological and 
pharmacological treatments of clinical depression. Especially since research has 
indicated that both pharmacological as well as psychological interventions have a rather 
limited effect size in the treatment of depression (e.g. Cuijpers, Smit, Bohlmeijer, Hollon, 
& Andersson, 2010), it is interesting to consider methods that could augment treatment 
effects, specifically in relation to psychological interventions where well-validated 
therapies include cognitive therapy, cognitive behaviour therapy, behavioural activation 
and interpersonal psychotherapy (see Cuijpers, 2013). Many of these therapies rely on 
verbal transmission of information by the therapist and the application of information 
acquired during the session in relation to problems encountered by the depressed 
patients in daily life. Attentional, concentration, and memory problems can strongly 
reduce the effective information transmission and use of strategies acquired in 
treatment sessions, reducing the efficacy of these techniques. As such, improving 
cognitive control before or at the start of psychological interventions may improve the 
efficacy of these treatments. Provided that many treatments require an initial 
diagnostic phase and that there can be waiting lists before treatments can be initiated, 
patients could already engage in cognitive training in this time frame. 
Recent years have also witnessed increased recognition of the problem that 
mental health facilities do not reach all the population affected by psychological 
problems (Kazdin & Blase, 2011). Depression is no exception to this problem. As such, 
there is increasing interest in e-mental health where excellent programs exists for the 
treatment of depression through internet versions of cognitive-behavioural treatments 
(i-CBT; Newby et al., 2013; Williams, Blackwell, Mackenzie, Holmes, & Andrews, 2013). 
Such treatments can be offered to populations that were not reached or did not get in 
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 touch with mental health services. Cognitive training could be a useful addition to such 
i-CBT programs, where the cognitive training improves cognitive processing of 
information and i-CBT focuses on the cognitive content. Future research should 
examine such combined treatments as they could form additions to current treatments 
that can be disseminated easily. 
One key problem for individuals with severe levels of depression is that there 
may be motivational deficits and less energy to engage in cognitive training. Moreover, 
cognitive training needs to be adapted to the individual starting level as too demanding 
cognitive training could induce a failure experience. For these purposes, “gamification” 
of cognitive training seems a fruitful area. Gamification could be a useful way to 
improve lower levels of motivation and to engage patients in frequent practice. This is 
particularly relevant since recent research shows that the level of engagement during 
training is a crucial variable in predicting beneficial effects of training (Siegle et al., in 
press). This would also allow individually adjusted starting levels and a challenging but 
feasible experiencing when performing training. Another possibility for patients with 
severe levels of depression is to combine cognitive training with neurostimulation 
techniques such as transcranial direct-current stimulation applied to the dorsolateral 
prefrontal cortex to boost neural structures associated with cognitive control to allow 
more direct and sustained effects of cognitive training regimes (De Raedt, 
Vanderhasselt, & Baeken, 2014). 
Remitted depressed patients 
Prevention of recurrent depression is a key challenge considering the high 
recurrence rates after remission. Cognitive impairments have been found to form a 
cognitive risk factor in this population (Demeyer et al., 2012). Interestingly, this 
population would be well suited to perform cognitive training as their functioning at the 
motivational and cognitive level is less affected than is the case in currently depressed 
individuals. Cognitive training could be presented to this population after treatment as a 
way to prevent new depressive symptoms. The possibility to present cognitive training 
online makes such interventions highly suitable for this population that is no longer in 
treatment. 
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 Limitations 
Despite the encouraging findings, the literature on cognitive training in 
depression is still in its infancy and very strong conclusions about its efficacy are 
premature. As such, the current literature review is intended as a state-of-the-art 
research update and a further guide to empirical research. Here it is important to note 
that next to the successful cognitive training studies, some studies have failed to find 
benefits in healthy populations (see Owen et al., 2010). Moreover, not all of the 
observed effects on either near transfer tasks or depressive symptoms were large. Here 
it could be the case that training cognitive control mainly has beneficial effects on 
working memory tasks when there are cognitive impairments to begin with. 
Nevertheless, large scale clinical studies using randomized controlled designs are 
required to support the efficacy of training on transfer tasks and depressive symptoms 
before clinical implementation is warranted. 
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A CROSS-SECTIONAL STUDY INTO  
PROACTIVE INTERFERENCE OF EMOTIONAL 
INFORMATION IN RELATION TO RUMINATION 
AND DEPRESSIVE SYMPTOMS 
 
Abstract 
Several studies have demonstrated that depressive episodes are characterized by 
impaired working memory functioning. More specifically, depressed people seem to 
have difficulties to expel previously relevant negative material from working memory. It 
has been shown that this previously relevant information proactively interferes with 
newly acquired information in working memory and contributes to rumination. The 
current study investigated if the association between subclinical depressive symptoms, 
with ruminative thinking in particular, and proactive interference of negative material 
with the processing of new emotional information in working memory can also be 
found in a non-clinical population. Therefore, two variants of a newly developed 
computer task, the proactive interference task, were tested in two separate 
experiments. In both experiments, no clear evidence for this association between 
working memory functioning and depressive symptoms was found. Possible 
explanations and directions for future research are discussed. 
  
2 CHAPTER 
65
 Introduction 
Depression is a severe and highly prevalent disorder (Fryers et al., 2004) and is 
characterized by a persistent negative mood and loss of interest or pleasure in almost 
all activities (American Psychiatric Association, 2000). Despite a long history of research 
on the interplay of psychological and physiological factors underlying the onset and 
course of depression and the consequent treatments, several challenges remain. There 
is a high recurrence of depression (Mueller et al., 1999), and residual symptoms can 
remain after treatment (Judd et al., 2000), indicating current interventions do not 
sufficiently target the crucial factors underlying depression or only obtain short term 
effects. Therefore, several factors and mechanisms offering new insights and potentially 
leading to alternative treatment methods need to be further investigated or still need to 
be discovered. A valuable direction has been the research of cognitive processes related 
with depressive symptoms. 
Cognitive processes and depression 
Research has shown that several biased cognitive processes, such as attention, 
memory and interpretation, are involved in dysfunctional emotion regulation typical for 
depression (Gotlib & Joormann, 2010; Joormann & D'Avanzato, 2010) and seem to be 
associated with a maladaptive emotion regulation response to stressors, such as 
ruminative thinking (Joormann & D'Avanzato, 2010; Joormann, Yoon, & Zetsche, 2007). 
A ruminative response style can be described as the repetitive thoughts focused on 
causes, consequences and meanings of one’s negative mood state (Nolen-Hoeksema, 
1991; Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008) and was found to be a risk factor 
for future depressive symptoms (Nolen-Hoeksema et al., 2008). 
Working memory is a central construct in information processing and 
consequently plays an important role in the impaired information processing 
characterizing depression (Joormann et al., 2007). Working memory can be defined as a 
limited-capacity system for the temporary storage of information and a mechanism of 
central or executive attention that regulates and processes the content of working 
memory (Baddeley & Hitch, 1974; Jonides et al., 2008). Executive functions are a 
general concept encompassing all cognitive processes controlling and regulating 
66
Chapter 2: A cross-sectional study into proactive interference of emotional information
 information in working memory. Miyake et al. (2000) found evidence for the distinction 
between three main executive functions : (1) shifting between multiple tasks, or sets of 
information in working memory, (2) updating old, no longer relevant information by 
new incoming information and (3) inhibition of prepotent responses. The amount of 
information that can be stored actively in working memory is limited. Thus, to process 
information efficiently, irrelevant information should be inhibited and previously 
relevant information should be replaced by currently relevant information. However, 
previously relevant material can still influence the current content of working memory, 
especially during continuous updating of similar items (Szmalec, Verbruggen, 
Vandierendonck, & Kemps, 2011). This effect is called proactive interference (Jonides & 
Nee, 2006). 
Proactive interference and depression 
Depressed people generally perform slower and less accurate on standard 
working memory tasks (Doumas, Smolders, Brunfaut, Bouckaert, & Krampe, 2012; 
Gohier et al., 2009; Harvey, 2004; Rose & Ebmeier, 2006). Several studies suggest that 
difficulties to inhibit and update negative thoughts prevent working memory to process 
alternative information, resulting in ruminative thinking, which increases the risk of a 
depressive episode (Hertel, 1997; Joormann, 2005; Joormann & Gotlib, 2008). Joormann 
and Gotlib (2008) investigated the effect of irrelevant emotional material on the ability 
to update working memory in depression by comparing the performance of depressed 
participants and never depressed controls on a modified Sternberg task. Participants 
were presented two lists of three words (a mix of positive and negative words) 
simultaneously. In a next step, a cue indicated which of the two lists was relevant for 
the following recognition task. In the final step, a probe word appeared and participants 
were asked whether the word appeared in the relevant list. Results indicated that in the 
depressed group negative words in the irrelevant list proactively interfered with the 
evaluation of the target word, reflected in greater response latencies. Importantly, this 
effect was not found for positive words. Moreover, the magnitude of the interference 
of negative words was correlated with self reported rumination. Taken together, the 
findings of Joormann and Gotlib (2008) suggest that depression and rumination are 
associated with impaired updating processes, more specifically because irrelevant 
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 negative material stays activated in working memory. A follow-up study by Joormann, 
Nee, Berman, Jonides, and Gotlib (2010) demonstrated that compared to controls, 
depressed participants exhibited difficulties to remove previously relevant negative 
rather than difficulties to ignore affective information that was already irrelevant from 
the first presentation. 
Current study 
The aim of the current study was to further investigate the association between 
subclinical depressive symptoms, in particular ruminative thinking and the proactive 
interference of negative material on processing new information in working memory. 
Previous studies (Joormann & Gotlib, 2008; Joormann et al., 2010) found evidence for 
this association with participants suffering from a fully developed depression. This study 
investigated whether this association also existed in a healthy sample, with a variation 
of more subtle subclinical features of rumination or depression. If similar deficits could 
be identified in a non-clinical population, proactive interference of negative stimuli 
could hypothetically be considered as pre-existing risk factor for a depressive episode. 
Furthermore, the task used by Joormann and Gotlib (2008) was rather focused 
on storing and subsequent recognition of material in working memory, after inhibiting 
part of this material. However, information often has to be processed in a more 
complex way, using a combination of executive functions. Even though the study of 
Joormann and Gotlib (2008, p. 182) “was designed to asses the effects of irrelevant 
emotional material on the ability to update the contents of working memory in 
depression”, it mainly involved inhibition instead of updating processes, because no 
new information was added to replace the words that became irrelevant.  
Therefore, a new paradigm, the proactive interference task (PIT), was developed. 
In each trial three emotionally valenced words (either positive or negative) were 
presented sequentially. At the presentation of the first word, participants had to decide 
whether the valence of the first and second word were equal. Next, when the second 
word was presented, the valence of the second and third word had to be compared. For 
this second comparison, the first word became irrelevant, while the third word was the 
new and relevant information entering working memory. In this task, valence of each 
68
Chapter 2: A cross-sectional study into proactive interference of emotional information
 word had to be actively processed in order to compare them to the valence of another 
word. Using this task we tried to investigate the proactive interference of emotional 
material on the active processing (i.e. the comparison) of new emotional information. 
We specifically hypothesized that :  
(1) The first word would interfere more with the second response when it had the 
opposite valence of the third word (interference trial). This would be reflected in higher 
response times and lower accuracy. 
(2) Negative words would exert more proactive interference (reflected in higher 
response time and lower accuracy) compared to positive words for participants scoring 
high on rumination and depressive symptoms. 
Experiment 1 
Method 
Participants 
In this experiment, 116 undergraduates (21.6% male, 78.4% female, mean age = 
19.7, SD = 1.8) of Ghent University participated in return for course credits. The 
experiment was advertised through an online experiment managing system. 
Materials 
Proactive interference task I 
In this newly developed paradigm, sequences of three emotionally valenced 
(either positive or negative) words
1
 were presented (see Figure 1) on a 60 Hz 17 inch 
CRT monitor, using the Inquisit software package (Draine, 2006) on a Pentium 4 
computer. The first word was presented for 1500 ms, and was automatically followed 
by the second word, after an inter-stimulus interval of 500 ms. The second word was 
also presented for 1500 ms, and participants were instructed to decide whether the 
emotional valence (positive or negative) of the current (second) and previous (first) 
word was equal or different by pressing Q or M. The attribution of Q or M to equal or 
                                                     
1
 Word list available at http://users.ugent.be/~tonraedt/PITlist.pdf 
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 different was counterbalanced to avoid effects of handedness. 500 ms after this 
response, the third word appeared for 1500 ms. Participants were again instructed to 
compare the emotional valence of the current (third) and previous (second) word by 
pressing Q or M. Reaction time and accuracy were recorded for each response. 
Participants were presented 64 trials of three words, preceded by detailed instructions 
and four practice trials. The inter-trial interval was 3000 ms. There were eight types of 
trials based on the combination of negative (N) or positive (P) words (NNN, NNP, NPN, 
NPP, PNN, PNP, PPN, PPP). Each trial type was presented eight times in a random order, 
and with a random selection of words. For each participant, the mean reaction time and 
accuracy for every trial type was calculated. Trials with an incorrect first response 
(comparing the first and second word) or with a reaction time deviating more than 2.5 
standard deviations from the participant’s mean reaction time for that specific trial type 
were fully discarded.  
For the second response, the first word proactively interferes with the 
evaluation of the second and third word, especially when the valence of the first word 
that becomes irrelevant, is opposite to the valence of the third word that enters 
working memory. By comparing trials where the valence of the first and third word are 
equal (called no interference trials) with trials where the valence of the first and third 
word are opposite (called interference trials), the effect of proactive interference can be 
investigated for both negative and positive first words. 
Figure 1  
Proactive interference task trial 
 
1st word : 1500 ms 
2nd word : 1500 ms 
ISI : 500 ms 
3rd word : 1500 ms 
 
UGLY 
 
NICE 
 
JOY 
response :  
different 
response :  
equal 
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 Questionnaires  
In order to measure the presence and severity of depressive symptoms, the 
Dutch translation of the Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996; 
Van der Does, 2002) was used. The BDI-II is a 21 item (scored from 0 to 3) self-report 
measure and has been found to be a valid measure to establish depressive symptoms in 
both clinical and non-clinical samples (Beck et al., 1996; Beck, Steer, & Garbin, 1988). 
The BDI-II questions these symptoms experienced during the last two weeks.  
The Dutch translation of the Ruminative Response Scale (RRS; Nolen-Hoeksema 
& Morrow, 1991; Raes & Hermans, 2007) was used to measure rumination. The Dutch 
version of the RRS is a 22 item self-report questionnaire that measures responses to a 
depressed mood that are repetitively focused on the self, symptoms or consequences of 
that depressed mood. Participants have to indicate how often they generally engage in 
these responses on a four-point Likert scale ranging from 1 (almost never) to 4 (almost 
always). Although a total score can be calculated, rumination as measured by the RRS 
cannot be seen as a unitary construct. An exploratory factor analysis of Treynor, 
Gonzalez, and Nolen-Hoeksema (2003) identified two distinct factors differentially 
related to depressive symptoms. The first factor, reflective pondering, consists of five 
items that assess the rather adaptive cognitive problem solving focused at improving 
one’s mood and depressive symptoms. The second factor, ruminative brooding consists 
of five items that assess the maladaptive passive focus on the possible causes of their 
depressed mood. The RRS proved to be a reliable and valid measure of rumination 
(Treynor et al., 2003).  
Procedure 
All participants received the necessary information before providing written 
informed consent. First, the proactive interference task was administered (to avoid any 
mood induction effect of the questionnaires). Next, the BDI-II and RRS were completed. 
Afterwards, participants were debriefed about the purpose of the study. This 
experiment was approved by the ethics committee of the Faculty of Psychology and 
Educational Sciences, Ghent University. 
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 Statistical analyses 
First, associations between response time and accuracy for the PIT trial types 
and BDI-II and RRS scores were inspected using Pearson correlations. Next, reaction 
time and accuracy differences between PIT trial types, and the effect of BDI-II or RRS 
were investigated using a 2x2 repeated measures anova design. More specifically, 
valence of the first word (PPP vs. NNN or NNP vs. PPN) and whether the valence of the 
first word needed to be inhibited or not (NNP vs. NNN or PNN vs. PPP) were entered as 
within subject factors. Consequently, four of the eight trial types (PPP, NNN, NNP and 
PPN) were used to investigate the effect of the two within subject factors. Next, BDI-II 
and RRS scores were entered as covariate. If a covariate was significant it was 
transformed to a categorical variable (using median split to separate high vs. low 
scoring participants) and entered as between subject factor to further investigate its 
interactional role. 
Results 
Descriptives and baseline correlations 
Means, standard deviations and intercorrelations for BDI-II and RRS scores are 
presented in Table 1. BDI-II and RRS scores were all significantly intercorrelated. 
Table 1 
Means, standard deviations and intercorrelations for questionnaire scores 
  Correlations 
 Mean (SD) (1) (2) (3) (4) 
(1) BDI-II 7.8 (8.4) 1 .580** .555** .281** 
(2) RRS total 42.2 (12.2) - 1 .850** .745** 
(3) RRS brooding 10.0 (3.5) - - 1 .456** 
(4) RRS reflection 9.3 (3.5) - - - 1 
Note. * p < .05, ** p < .01 
Repeated measures anova with reaction time as outcome 
In a first step, a repeated measures anova with reaction time as dependent 
variable and valence of the first word and interference or no interference of the first 
word’s valence as within subject factors revealed a significant main effect of valence, 
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 F(1, 115) = 150.931, p = .000, partial η² = .568, indicating a significantly higher reaction 
time for negative first words (M = 1051 ms, SD = 22 ms) compared to positive words  
(M = 902 ms, SD = 19 ms). Also, the main effect of interference was significant, F(1, 115) 
= 11.569, p = .001, partial η² = .091, indicating higher reaction times for trials where the 
valence of the third word is opposite to the valence of the first word (M = 1002 ms,  
SD = 21 ms) compared to trials were the valence of the first and third word was equal 
(M = 952 ms, SD = 21 ms). Finally, the interaction between valence and interference was 
also significant, F(1, 115) = 4.953, p = .028, partial η² = .041, indicating higher 
differences between interference and no interference for positive words, compared to 
negative words. The effects are presented in Figure 2. 
Figure 2  
Reaction times (ms) for PIT trial types with 95% confidence intervals 
 
In a next step, adding BDI-II, RRS total, RRS brooding or RRS reflection as 
covariates did not reveal any significant main or interaction effects, all F’s < 1.061, and 
p’s > .305. However, the three way interaction valence x interference x RRS reflection 
was marginally significant, F(1, 114) = 3.126, p = .080, partial η² = .027. Adding reflection 
as a between subject factor after converting it to a categorical variable using median 
split did not show significant interactions.  
Repeated measures anova with response accuracy as outcome 
In a first step, a repeated measures anova with accuracy as dependent variable 
and valence of the first word and interference or no interference of the first word’s 
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 valence as within subject factors only revealed a significant main effect of interference, 
F(1, 115) = 4.515, p = .036, partial η² = .038, indicating surprisingly a higher rate of 
correct responses for interference trials (M = 99.04%, SD = 0.27%) compared to no 
interference trials (M = 98.15%, SD = 0.39%). No main effect of valence, F(1, 115) = 
1.426, p = .235, partial η² = .012, or valence by interference interaction effect was found, 
F(1, 115) = 0.296, p = .587, partial η² = .003. Accuracy scores are presented in Figure 3. 
Figure 3 
Accuracy scores (% correct) for PIT trial types with 95% confidence intervals 
 
In a next step, adding BDI-II, RRS total, RRS brooding or RRS reflection as 
covariates did not reveal any significant main or interaction effects. However, the three 
way interaction between valence x interference x RRS reflection was marginally 
significant, F(1, 114) = 3.665, p = .058, partial η² = .031. Adding RRS reflection as a 
between subject factor after converting it to a categorical variable using median split 
also showed a marginally significant three way interaction, F(1, 114) = 3.530, p = .063, 
partial η² = .030. This interaction effect is displayed in Figure 4. Follow-up anovas 
showed a significant interaction effect in the low reflection group, F(1, 55) = 4.532, p 
= .038, partial η² = .076, but not in the high reflection group, , F(1, 59) = 3.665, p = .431, 
partial η² = .031. 
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 Figure 4 
Accuracy scores (% correct) for PIT trial types with 95% confidence intervals with RRS reflection 
as between subject factor 
 
Discussion 
In this first experiment, we tried to investigate proactive interference of 
emotionally valenced information in working memory in relation to rumination and 
depression scores. Confirming our first hypothesis, it took participants significantly 
longer to respond to interference trials compared to no interference trials. This reaction 
time difference was more pronounced for positive words than for negative words. In 
contrast to this hypothesis, this effect was not moderated by rumination or depression 
scores. Surprisingly, accuracy scores indicated less errors for interference trials. This 
effect tended to be moderated by reflection scores. More specifically, in the low 
reflection subgroup, accuracy for interference trials was higher for positive words. In 
the high reflection subgroup, accuracy was higher on all interference trials. 
 This unexpected effect of interference on accuracy scores could partly be 
explained by a trade-off effect for reaction time and accuracy between different trial 
types. It is possible that accuracy was higher for interference trials because participants 
responded slower on those trials. Nevertheless, error rates were very low, indicating 
that accuracy scores could possibly be subjected to ceiling effects. 
 Regarding reaction times, we found the expected basic effect of proactive 
interference, but no moderation effects of rumination or depression scores were found. 
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 However, reaction time differences between interference and no interference trials 
could partly be attributed to response characteristics. More specifically, no interference 
trials required an identical response on two subsequent responses, while the first 
response was opposite to the second response for the interference trials. Even though 
this response effect would be present in both negative and positive trials, it could blur 
potential effects of interference and emotional valence. 
To overcome these issues, the proactive interference task was adjusted and 
tested in a second experiment. While the first and the second word still had to be 
compared based on valence, the second and the third word had to be compared based 
on grammar (noun vs. verb). By this adaptation the difficulty level was raised, which 
should lead to a larger error rate, and consequently, a lower chance of ceiling effects. 
Furthermore, the second response became independent of whether the valence of the 
first word interfered with the valence of the third word or not. Thus the effect of 
interference of emotional information in working memory on a decision where 
emotional valence was irrelevant for the response could now be investigated more 
clearly. Moreover, the adapted task was also in line with the affective interference 
hypothesis (Siegle, Ingram, & Matt, 2002) stating that dysphoric and ruminating 
individuals attend more to the negative emotional aspects of stimuli at the expense of 
non-emotional aspects (such as grammatical category). Consequently, interference of 
emotional information in working memory should be most detectable during the 
processing of the non-emotion aspect of the stimuli. 
The specific hypotheses for the adjusted proactive interference task (PIT-II) were 
equal to experiment 1. 
Experiment 2 
Method 
Participants 
In this experiment, 59 undergraduates (15.3 % male, 84.7 % female, mean age = 
20.2, SD = 2.9) of Ghent University participated in return for course credits. The 
experiment was advertised through an online experiment managing system. 
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 Materials 
Proactive interference task II 
The proactive interference task II (PIT-II) closely resembled the proactive 
interference task I described above. The adapted task only differed in the instructions 
regarding the second response. While at the presentation of the second word, 
participants still had to compare the valence of the first and the second word, the 
second and third word had to be compared based on a grammatical rule. More 
specifically, each word was either a noun or a verb, and participants had to decide 
whether the grammatical category of the second and third word was equal or different. 
The eight trial types for the PIT-II were still distinguished based on valence combinations 
of all three words. Within each trial type, grammatical combinations were balanced so 
the effect of emotional valence could be investigated without the effect of grammatical 
interference. The PIT-I word list was adjusted to provide sufficient words for each 
valence x grammatical category combination
2
. 
Questionnaires  
The same questionnaires were used as described in the method section of 
experiment 1. 
Procedure 
All participants received the necessary information before providing written 
informed consent. The procedure was identical to the procedure of experiment 1. This 
experiment was approved by the ethics committee of the Faculty of Psychology and 
Educational Sciences, Ghent University. 
Statistical analyses 
The data-analytical strategy was identical to experiment 1. 
                                                     
2
 Word list available at http://users.ugent.be/~tonraedt/PITlist2.pdf 
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 Results 
Descriptives and baseline correlations 
Means, standard deviations and intercorrelations for BDI-II and RRS scores are 
presented in Table 2. BDI-II was correlated with RRS total and brooding. RRS total was 
correlated with both the brooding and reflection subscale, and both RRS subscales were 
uncorrelated. 
Table 2 
Means, standard deviations and intercorrelations for questionnaire scores 
  Correlations 
 Mean (SD) (1) (2) (3) (4) 
(1) BDI-II 8.49 (7.89) 1 .388** .376** -.068 
(2) RRS total 43.76 (11.20) - 1 .738** .538** 
(3) RRS brooding 10.69 (3.66) - - 1 .156 
(4) RRS reflection 8.88 (3.35) - - - 1 
Note. * p < .05, ** p < .01 
Repeated measures anova with reaction time as outcome 
In a first step, a repeated measures anova with reaction time as dependent 
variable and valence of the first word and interference or no interference of the first 
word’s valence as within subject factors only revealed a significant main effect of first 
word valence, F(1, 58) = 27.866, p = .000, partial η² = .325, indicating a significantly 
higher reaction time for negative first words (M = 1194 ms, SD = 32 ms) compared to 
positive words (M = 1100 ms, SD = 28 ms). There was no significant main effect of 
interference, F(1, 58) = 0.755, p = .389, partial η² = .013, or valence by interference 
interaction, F(1, 115) = 1.312, p = .257, partial η² = .022. Reaction times are presented in 
Figure 5. 
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 Figure 5  
Reaction times (ms) for PIT trial types with 95% confidence intervals 
 
In a next step, adding BDI-II, RRS total, RRS brooding or RRS reflection as 
covariates did not reveal any significant interaction effects, all F’s < 1.711, and p’s > .196. 
However, there was a significant main effect of RRS total score, F(1, 57) = 5.291,  
p = .025, partial η² = .085, and a marginally significant effect of RRS brooding,  
F(1, 57) = 3.660, p = .061, partial η² = .060. Both high RRS total and brooding score were 
associated with a higher reaction time over trial types.  
Repeated measures anova with response accuracy as outcome 
In a first step, a repeated measures anova with accuracy as dependent variable 
and valence of the first word and interference or no interference of the first word’s 
valence as within subject factors only revealed a marginally significant main effect of 
valence, F(1, 58) = 3.263, p = .076, partial η² = .053, indicating a higher correct rate for 
negative first words (M = 91.96%, SD = 1.63%) compared to positive words (M = 89.32%, 
SD = 1.27%), and a marginally significant main effect of interference, F(1, 58) = 3.559, p 
= .064, partial η² = .058, indicating a lower correct rate for interference (M = 89.29%, SD 
= 1.50%) compared to no interference trials (M = 92.00%, SD = 1.41%). The valence by 
interference interaction effect was not significant, F(1, 58) = 0.013, p = .910, partial η² 
= .000. Accuracy scores are presented in Figure 6. 
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 Figure 6 
Accuracy scores (% correct) for PIT-II trial types with 95% confidence intervals 
  
In a next step, adding BDI-II, RRS total, RRS brooding or RRS reflection as 
covariates did not reveal any significant main or interaction effects, all F’s < 1.544, and 
p’s > .218. 
Discussion 
In this second experiment, an adapted version of the PIT was used to investigate 
proactive interference of emotional words in working memory on the processing of new 
information in working memory. To increase difficulty, avoid response effects, and to 
assess the interference on information processing where emotion was irrelevant, the 
second comparison in the PIT was based on grammar instead of valence. 
As expected, accuracy scores suggest the PIT-II was more difficult than the PIT-I. 
Furthermore, a marginally significant difference in accuracy between interference and 
no interference trials provides some evidence for the first hypothesis, stating that 
words of the opposite valence exert more proactive interference. However, this was not 
confirmed by response times. Reaction times did however reveal a general higher 
response latency for participants scoring higher on rumination, but this was 
independent of trial type. Furthermore, participants had a significantly longer response 
latency for negative words, independent of depression or rumination scores. In contrast, 
accuracy scores showed a marginally significantly higher correct rate for negative words. 
Similar to the first experiment, this could potentially be explained by a trade-off 
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 between accuracy and response time. No interaction between interference and first 
word valance was found. 
The second hypothesis, concerning the association between rumination and 
depression scores and the predominant interference of negative material was not 
confirmed. The crucial interactions between valence, interference and rumination or 
depression scores were not found. 
General discussion 
Previous studies (Joormann & Gotlib, 2008; Joormann et al., 2010) observed that 
depressed people had difficulties to update negative information in working memory 
because negative material interfered with newly acquired information, even when this 
negative material became irrelevant. The magnitude of this interference was associated 
with levels of rumination. In the current study, we tried to further investigate the nature 
of these disturbances in working memory using two versions of the proactive 
interference task. This task aimed to capture the proactive interference of emotionally 
valenced words on the processing of new emotional words in relation to rumination and 
depressive symptoms. In contrast to Joormann and Gotlib (2008), we used a healthy 
population with a variation of subclinical depressive symptoms and rumination levels, in 
order to explore whether mild depressive features, but potentially preceding a fully 
developed depressive episode, were already associated with specific deficits in working 
memory. If these deficits would be found, longitudinal and experimental studies would 
be the appropriate approach to investigate whether these deficits are an underlying risk 
or causal factor for the development of a depressive episode, and consequently could 
be considered as ingredient for new diagnostic or treatment methods. 
Unfortunately, no univocal evidence was found for an association between 
rumination or subclinical depressive symptoms and the proactive interference of 
emotional material in working memory. However, in experiment 1, there was a 
marginally significant three way interaction of the RRS reflection score with interference 
of positive versus negative words, suggesting participants with a low score for the 
adaptive reflection component of rumination made more errors for negative 
interference trials in contrast to positive interference trials, while participants scoring 
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 high on reflection got higher accuracy scores for both positive and negative interference 
trials. However, this effect was not confirmed by analyses of reaction times or by 
interactions with the maladaptive brooding component and could not be replicated in 
the second experiment. 
Altering the proactive interference task in experiment 2 to increase difficulty, 
avoid response effects and assess the interference with processing of non-emotional 
aspects of emotional stimuli did increase the number of errors, making the accuracy 
score a more meaningful index of interference. Despite these adaptations, no 
associations between rumination or subclinical depressive symptoms and proactive 
interference in working memory were found. High ruminators did show higher general 
reaction times, irrespective of interference or emotional valence. In contrast to 
experiment 1, accuracy scores now showed marginally more errors for the interference 
trials, but this was independent of emotional valence, rumination or depression scores. 
In sum, despite some significant, or near significant basic effects per experiment, 
the pattern of results across response latencies and accuracy levels does not indicate 
depression or rumination related enhanced proactive interference of negative material 
in a non-clinical sample. How do these findings fit with other research on such 
impairments in relation to depression and rumination? More recent studies found some 
promising results. Levens and Gotlib (2010) used an emotional variant of a 2-back task, 
to demonstrate that depressed participants disengage slower from sad stimuli and 
faster from happy stimuli when updating working memory. Furthermore, De Lissnyder, 
Koster, and De Raedt (2012) found that interference of negative information in working 
memory was related to rumination using the Internal Shift Task, a paradigm measuring 
the ability to switch attention between different items in working memory. Moreover, 
this task could predict the future ruminative response to the experience of stressors (De 
Lissnyder, Koster, Goubert, et al., 2012). Using the affective interference task, in which 
participants repetitively had to recognize emotional target words out of previously 
presented four word lists, Pe, Raes, Koval, et al. (2013) demonstrated that proactive 
interference of previously relevant negative words was associated with more negative 
affect following rumination. Similar results were obtained using the emotional 2-back 
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 task (Levens & Gotlib, 2010) and momentary, daily life assessment of rumination and 
affective experience (Pe, Raes, & Kuppens, 2013). 
Several explanations could account for the failure to find the hypothesized 
association between ruminative thinking and subclinical depressive symptoms and 
proactive interference of emotional material in working memory in the current study, in 
contrast to the findings in the more recent studies mentioned above. First, a new 
paradigm was developed for these experiments. Even though we carefully tried to 
capture the influence of previously relevant material on the processing of new incoming 
information in working memory, it is possible that the proactive interference task is not 
an accurate measure of the targeted working memory processes. The proactive 
interference task might be too insensitive to detect mild working memory deficits, or 
could be too susceptible for random error. Even though relatively large samples were 
used, increasing statistical power could reveal more clear association patterns. Second, 
these results could indicate that working memory disturbances are not associated with 
mild, subclinical features of depression and are only present during, or shortly after a 
depressive episode. However, these null-results are insufficient to prove the absence of 
an association, thus further replication is required. Moreover, cross-sectional studies 
cannot explore the temporal evolution of working memory efficiency and depressive 
symptoms. Consequently, to investigate if working memory deficits precede depression, 
and could thereupon be considered a risk factor or early warning for depression, a 
prospective design is required. Third, the lack of associations could be due to the 
selected sample of university students, of which we could expect relatively high 
cognitive functioning. In this sample, variation in task performance and questionnaire 
scores might be too limited, potentially blurring existing associations in the entire 
population. 
As partially mentioned above, the current study has a number of limitations. 
First, even though the simple and straightforward design of the proactive interference 
task closely adhered to the working memory processes of interest, its reliability and 
validity was not assessed in previous research. Furthermore, an undergraduate and 
largely female sample was used, limiting the generalizability of the results and 
potentially restricting the range of the observed variables. Nevertheless, the current 
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 results could be a valuable contribution to the upcoming research on working memory 
processes and depression, and could provide directions for future research including 
longitudinal or experimental designs and the use of (a combination of) well validated 
working memory tasks.  
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CAN WORKING MEMORY 
PERFORMANCE PREDICT STRESS 
REACTIVITY DURING EXAMS?  
A PROSPECTIVE STUDY 
 
Abstract 
Several studies have demonstrated that ruminative thinking, which is an important risk 
factor for depression, is associated with impaired working memory processes. However, 
cross-sectional studies cannot distinguish whether working memory impairments are a 
mere consequence of depression or a factor that is actively contributing to the origin 
and maintenance of depression. A prospective design can help to clarify the 
mechanisms underlying this association. Using a healthy, undergraduate sample, the 
current study investigated whether baseline working memory functioning as measured 
by the operation span task and internal shift task could predict future ruminative 
response and depressive symptoms during a four week examination period and at 12 
and 18 month follow-up. Evidence was found that higher operation span score was 
associated with a larger decrease in rumination during four weeks of examinations. 
However, the majority of the hypothesized baseline and longitudinal associations could 
not be confirmed. Possible explanations are discussed. 
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 Introduction 
Depression is a severe and highly prevalent mental illness, with persistent 
negative mood and loss of interest or pleasure as its main symptoms. The disorder is 
characterized by an interplay of multiple cognitive impairments, such as attention, 
interpretation or memory biases (Everaert, Koster, & Derakshan, 2012) that are 
associated with impaired emotion regulation and negative thinking styles such as 
rumination (Joormann & D'Avanzato, 2010; Watkins & Brown, 2002), a response style 
that can be described as the repetitive thoughts focused on causes, consequences and 
meanings of one’s negative mood state (Nolen-Hoeksema, 1991; Nolen-Hoeksema, 
Wisco, & Lyubomirsky, 2008). Several studies have demonstrated that this ruminative 
response style can be seen as a vulnerability factor for depression and is prospectively 
associated with the onset, duration, and severity of depressive symptoms, and with a 
slower recovery (Nolen-Hoeksema et al., 2008). Although rumination is considered as a 
relatively stable trait, Smith and Alloy (2009) argue that rumination can also be reactive 
to stress. Moreover, it cannot be seen as a unitary construct. An exploratory factor 
analysis by Treynor, Gonzalez, and Nolen-Hoeksema (2003) revealed the distinction 
between two different components of depression. Reflective pondering, the cognitive 
problem solving to improve mood is considered as the least maladaptive component of 
rumination, while depressive brooding, the passive and repetitive focus on the negative 
feelings is the more maladaptive type of rumination, and has the strongest associations 
with current and future depressive symptoms (Armey et al., 2009; Joormann, Dkane, & 
Gotlib, 2006; Treynor et al., 2003). 
Working memory is a central mechanism in information processing and is 
considered essential for understanding the impaired cognitive functions characterizing 
depression (Joormann, Yoon, & Zetsche, 2007). Working memory can be defined as a 
limited-capacity system for the temporary storage of information and a mechanism of 
central or executive attention that regulates and processes the content of the working 
memory (Baddeley & Hitch, 1974; Jonides et al., 2008). Several studies have 
demonstrated that depressed people perform slower and less accurate on standard 
working memory tasks (Doumas, Smolders, Brunfaut, Bouckaert, & Krampe, 2012; 
Gohier et al., 2009; Harvey, 2004; Rose & Ebmeier, 2006). When looking specifically to 
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 the processing of emotional information, research has shown that depressed people 
have greater difficulties to sort (Joormann, Levens, & Gotlib, 2011), update (Levens & 
Gotlib, 2010) and inhibit previously relevant emotional, and particularly negative 
information (Joormann & Gotlib, 2008; Joormann, Nee, Berman, Jonides, & Gotlib, 2010) 
in working memory. 
Impaired working memory processes are also tightly connected to ruminative 
thinking. Rumination, and depressive brooding in particular can be seen as a vicious 
circle of uncontrollable negative thoughts. In other words, high brooders seem unable 
to replace these thoughts by alternative information in working memory. Consistent 
with this idea, impaired switching between emotional items in working memory, 
measured by the Internal Shift Task (IST; Chambers, Lo, & Allen, 2008), was found to be 
related to rumination but not to depression scores (De Lissnyder, Koster, & De Raedt, 
2012; De Lissnyder, Koster, Derakshan, & De Raedt, 2010). Also inhibition (Joormann & 
Gotlib, 2008, 2010) and manipulation (Joormann et al., 2011) of negative emotional 
information was found to be correlated with rumination scores. 
In two recent studies Pe, Raes, and Kuppens (2013) investigated the 
moderational role of updating emotional information in working memory in the 
association between emotion regulation strategies and reported emotions. In the first 
study they found that performance on an emotional n-back task adapted from Levens 
and Gotlib (2010) moderated the association between reappraisal and rumination on 
the one hand, and reports of negative affect on the other hand. More specifically, 
frequent use of reappraisal was associated with lower negative affect, but only among 
participants with high updating ability. Furthermore, frequent use of rumination was 
associated with a lower increase in negative affect in participants with high updating 
ability compared to participants with low updating ability. In a second study, Pe et al. 
(2013) found that updating of emotional information in working memory also 
moderated the association between rumination/reappraisal and affective experience 
when sampling 10 moments a day during daily life for a seven day period. More 
specifically participants with higher updating ability experienced a larger decrease in 
high arousal negative emotions when reappraising, and a smaller increase when 
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 ruminating. This effect remained when controlling for the ability to inhibit emotional 
information. 
In sum, there is a well-documented association between impairments in working 
memory functioning and ruminative and depressive responding. However, these studies 
used a cross-sectional design, and are unable to distinguish whether working memory 
impairments are a mere consequence of the depressed state or ruminative thoughts 
(Philippot & Brutoux, 2008) or can be considered as a causal or contributing factor in 
the development of a ruminative response style or depressive symptoms. Using a 
prospective design can clarify this association. If the presence of working memory 
impairments during a non stressful period without depressive symptoms could predict 
rumination or depressive symptoms during the experience of a stressor, this would 
indicate that working memory impairments are not just consequences, or side-effects, 
but could potentially contribute to the onset and course of depression and rumination. 
This hypothesis was tested by De Lissnyder, Koster, Goubert, et al. (2012). They 
used non-depressed university students (n = 37) during their examination period to 
investigate whether the capacity to switch between emotional information in working 
memory moderated the future association between reported stress and rumination 
scores. For this purpose, they measured switching capacity in working memory using 
the IST (Chambers et al., 2008; De Lissnyder, Koster, & De Raedt, 2012) six weeks before 
the start of examinations. During the examination period (considered a mildly stressful 
event), participants filled in questionnaires to assess levels of experienced stressors, 
depressive symptoms, and rumination once a week, during four consecutive weeks. The 
results of De Lissnyder, Koster, Goubert, et al. (2012) indicated that impaired switching 
was indeed related to a stronger ruminative response to the experience of stressors. 
More specifically, switching between emotional information moderated the association 
between reported stress and ruminative brooding, while this effect was not observed 
for reflective pondering. These findings are in line with the idea that mainly the 
maladaptive brooding component (Treynor et al., 2003) of rumination is related with 
the cognitive impairments characterizing depression (De Lissnyder et al., 2010; De 
Lissnyder, Koster, Everaert, et al., 2012). Furthermore, these results suggest that 
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 measures of working memory performance can partly predict a brooding response on a 
naturalistic stressor. 
In the current study we tried to replicate and extend the findings of De Lissnyder, 
Koster, Goubert, et al. (2012). We added the Operation Span task (O-span; Turner & 
Engle, 1989) a well-validated, non-emotional working memory task to the baseline IST 
assessment. Furthermore we collected a larger sample (n = 92) of university students 
and the follow-up period was extended with two long term follow-ups at six and 18 
months after baseline assessment. Using this design we could test whether updating 
and/or switching processes in working memory (T1) could moderate (1) the future 
association between the experience of a stressful period and rumination or depressive 
symptoms and (2) the temporal evolution of rumination or depressive symptoms during 
the examination period. Finally we could also test (3) whether baseline working memory 
performance could predict future levels of rumination or depressive symptoms, six or 
18 months later, controlling for baseline levels. Based on theoretical proposals 
(Joormann et al., 2007) and previous research (De Lissnyder, Koster, Goubert, et al., 
2012) we hypothesized that: 
(1) A higher O-span score and/or lower emotional and non-emotional shift cost at 
baseline decrease the positive slope of the association between reported stressors and 
rumination/depression scores and ruminative brooding in particular. 
(2) A higher O-span score and/or lower emotional and non-emotional shift cost at 
baseline decrease the slope of the association between time of measurement and 
rumination/depression scores and ruminative brooding in particular. 
(3) A higher O-span score and/or lower emotional and non-emotional shift cost at 
baseline is associated with lower rumination/depression scores and ruminative 
brooding in particular at follow-up six and/or 18 months later. 
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 Method 
Design overview 
Figure 1  
Study design 
 
A general overview of the design is presented in Figure 1. At baseline (T1), an 
initial assessment of working memory functioning was conducted and BDI-II and RRS 
were administered. This was followed by seven more questionnaire administration 
moments, including four assessment moments during the examination period, also 
questioning experienced stressors. 
Participants 
In this study, 99 undergraduates of Ghent University participated in return for a 
financial compensation (€ 50). The study was advertised through an online experiment 
managing system. Seven participants were excluded because they did not complete 
questionnaires in time at one or multiple assessments during the examination period. 
Two participants were excluded because they did not complete the IST at baseline. Ten 
participants were excluded for having outlier scores (deviating more than 2.5 SD from 
mean) at the IST, BDI-II or RRS at baseline. Consequently, the number of subjects for the 
multilevel analyses was 80 (61 female, 19 male, mean age = 20.19, SD = 1.88). Two 
participants did not respond at the first follow-up (T7), and seven participants did not 
respond at the second follow-up (T8),  
Materials 
Operation span task. 
The Operation span task (Turner & Engle, 1989) was programmed by Nitz, 
Grenard, and Draine (2009) in line with Unsworth, Heitz, Schrock, and Engle (2005) and 
ran using the Inquisit software package (Inquisit 3.0.5.0, 2011) on a Pentium 4 computer 
T1
Baseline
Operation Span
Internal Shift Task
BDI-II
RRS
T2
(T1 + 1 week)
Exam period
4x Adverse Event 
Questionnaire
4x BDI-II
4x RRS
T3-T6
(T1 + 2 months)
Baseline 2
BDI-II
RRS
Follow-up 1
BDI-II
RRS
Follow-up 2
BDI-II
RRS
T7
(T1 + 6 months)
T8
(T1 + 18 months)
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 with a 60 Hz 17 inch CRT monitor. In the O-span, participants are presented with 
mathematical problems they need to solve, alternated with letters they have to 
remember. The actual task is preceded by three practice phases. In the first phase, 
three series of letters (a combination of F, H, J, K, L, N, P, Q, R, S, T, or Y) appear on the 
screen at a rate of 800 ms per letter. Participants are instructed to recall the letters in 
the correct order. At the end of each series, participants can respond by clicking the 
recalled letters on a 4 x3 matrix containing all possible letters. After the response, 
feedback is provided. In the second practice phase, 15 math problems (e.g. (8/2) + 9 = ?) 
are presented sequentially. Participants are instructed to solve the problems as quickly 
as possible, and to click the left mouse button as soon as they know the answer. After 
clicking, a number is presented on the screen and participants have to judge whether 
this is the correct solution by clicking true or false. After each math problem, accuracy 
feedback is provided. In the third practice phase solving math problems and recalling 
letters is combined. First, participants see a math problem. After clicking to indicate 
they have solved the problem, and subsequently judging whether the presented 
number is correct, a letter is presented for 800 ms, after which a new math problem 
and letter combination appears. During the second practice phase, the participant’s 
reaction time to indicate the solution has been found, is recorded. The mean reaction 
time plus 2.5 standard deviations is used in the third practice phase as a time limit for 
the mathematical problem, to prevent participants from rehearsing the letters while 
solving the mathematical problem. If reaction time exceeded this time limit, the letter is 
shown immediately and the response to the mathematical problem is coded as a speed 
error. At the end of each series, participants have to report the recalled letters on a 4 x 
3 matrix. During the third practice phase, three series of two mathematical problem and 
letter combinations are presented.  
The instructions for the actual task are identical to the third practice phase. The 
length of each series is ranging from three to seven, and during the task each length is 
presented three times, in a random order. Consequently 15 series were presented, 
comprising 75 mathematical problems and 75 letters. Participants were encouraged to 
keep the mathematical problem accuracy above 85%, in order to avoid participants 
focusing only on remembering the letters. After each series, the overall accuracy 
97
Chapter 3: Can working memory performance predict stress reactivity during exams
 percentage was presented during feedback. The main outcome variable used in the 
analyses is the O-span score, being the sum of all letters in perfectly recalled series.  
Internal shift task (IST).  
The IST (Chambers et al., 2008; De Lissnyder, Koster, & De Raedt, 2012) was 
programmed using the E-prime software package (Schneider, Eschman, & Zuccolotto, 
2007) and ran on the same computer as the O-span. In the IST, series of faces taken and 
adjusted from the Karolinska Directed Emotional Faces database (Lundqvist, Flykt, & 
Öhman, 1998) are sequentially presented at the center of a computer screen. The 
number of faces in each series varies randomly from 10 to 14. In the emotional 
condition, participants are instructed to keep a silent mental count of the number of 
neutral and angry faces. Therefore they have to keep two counters in mind that have to 
be updated every time a face is presented. Participants are instructed to press the space 
bar as soon as possible, every time they have updated their counters. Their reaction 
time is the main variable of interest. 200 ms after response, the next face appears. At 
the end of each series of faces, participants have to report how many neutral and angry 
faces they have seen. In the non-emotional condition, the same stimuli are used but 
participants have to keep a mental count of the number of male and female faces. The 
order in which both conditions have to be completed is counterbalanced across subjects. 
Based on the order of the faces, trials can be defined as shift or no-shift trials. A trial is 
considered a shift trial if the counter that has to be updated is different from the 
previous trial (e.g. angry-neutral or male-female). In a no-shift trial the counter that 
needs to be updated is the same as in the previous trial (e.g. neutral-neutral or male-
male). By substracting the mean reaction time of the shift trials from the mean reaction 
time of the no-shift trials, shift costs can be calculated separately for the emotional and 
non-emotional condition. Both variables are used in the analyses. In each condition, 12 
series of faces are presented, preceded by three practice series. 
Questionnaires.  
In order to measure the presence and severity of depressive symptoms, the 
Dutch translation of the Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996; 
Van der Does, 2002) was used. The BDI-II is a 21 item (scored from 0 to 3) self-report 
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 measure and has been found to be a valid measure to detect depressive symptoms in 
both clinical and non-clinical samples (Beck et al., 1996; Beck, Steer, & Garbin, 1988). 
The BDI-II questions these symptoms experienced during the last two weeks. Because 
the BDI-II is completed weekly during the examination period, participants were 
instructed to report symptoms of the past week at T2 till T6.  
The Dutch translation of the Ruminative Response Scale (RRS; Nolen-Hoeksema 
& Morrow, 1991; Raes & Hermans, 2007) was used to measure rumination. The Dutch 
version of the RRS is a 22 item self-report questionnaire that measures responses to a 
depressed mood that are repetitively focused on the self, symptoms or consequences of 
that depressed mood. Participants have to indicate how often they engage in these 
responses on a four-point Likert scale ranging from 1 (almost never) to 4 (almost 
always). Although a total score can be calculated, rumination as measured by the RRS 
cannot be seen as a unitary construct. An exploratory factor analysis of Treynor et al. 
(2003) identified two distinct factors differentially related to depressive symptoms. The 
first factor, reflective pondering, consists of five items that assess the rather adaptive 
cognitive problem solving focused at improving one’s mood and depressive symptoms. 
The second factor, ruminative brooding consists of five items that assess the 
maladaptive passive focus on the possible causes of their depressed mood. The RRS 
proved to be a reliable and valid measure of rumination (Treynor et al., 2003). The RRS 
questions how participants generally react when they feel down, sad or depressed. As in 
the BDI-II, instructions where changed to question how participants reacted when they 
felt down, sad or depressed during the last week, at T2 till T6. 
The Adverse Event Questionnaire (AEQ; Carver, 1998) is a questionnaire 
designed to measure the occurrence and impact of stressful events during the last week. 
Participants have to respond whether they experienced negative events (yes or no) and 
specify the number of negative events and the day(s) of the week on which they 
encountered these events. 
Procedure 
At T1 all participants were informed about the study design and completed the 
informed consent form. Next, the O-span and IST were administered. Participants 
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 received a booklet with an overview of the dates on which they were required to fill in 
the online questionnaires. These questionnaires were filled out for the first time on the 
same day as the O-span and IST. The second time (T2), one week after baseline, 
participants had to complete the questionnaires with the adjusted instructions (asking 
them to base their answer on the last week). Subsequently participants had to fill in 
questionnaires regarding the past week, once a week on a fixed day during the four 
week examination period of the first semester (T3-T6). Finally, there were two follow-up 
moments, six (T7) and 18 months after baseline (T8).  
This study was approved by the ethics committee of the Faculty of Psychology 
and Educational Sciences, Ghent University. 
Data analysis 
The obtained longitudinal data during the exam period comprised a multilevel 
structure in which reported stress (AEQ), depressive symptoms (BDI-II) and ruminative 
responses (RRS) were reported at four time moments (Level 1) nested within individuals’ 
baseline working memory performance, BDI-II and RRS score (Level 2). Using the 
Hierarchical Linear and Nonlinear Modeling software package (Raudenbush, Bryk, & 
Congdon, 2013) , we tested whether there was a linear association between reported 
negative events and depressive symptoms or rumination (Level 1) and if indicators of 
baseline working memory functioning (Level 2) moderated this linear relation. Next, we 
tested whether there was a linear association between time (T3 - T6) and depressive 
symptoms or rumination (Level 1) and if indicators of baseline working memory 
functioning (Level 2) moderated this linear relation. 
Level 1 predictors, except time, were standardized and group-mean centered, 
while level 2 predictors were standardized and grand-mean centered. Full maximum 
likelihood estimation was used, and significance level was set at α = .05. We assumed 
that participants differed randomly in their overall questionnaire scores (random 
intercept) and Level 1 regression coefficients (random slopes). If a random error term 
was found to be non-significant, it was not included in the model. 
In a second set of analyses, we tested whether baseline working memory 
performance predicted depressive symptoms and rumination scores at both follow-up 
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 moments (T7 - T8), while controlling for baseline scores. Therefore we used hierarchical 
multiple regression analyses. 
Results 
Descriptives and baseline correlations 
Mean scores and standard deviations of all questionnaires at all test moment are 
listed in Table 1. Pearson correlations between all baseline variables are listed in Table 2. 
Only emotional and non-emotional shift cost and the RRS total and factor scores are 
intercorrelated.  
Predicting response to exam stress: Multilevel models 
All tested models are represented in Figure 2. Each Level 1 predictor (2) – Level 1 
outcome (4) combination with four Level 2 moderators was considered as one model. 
Thereupon eight separate models had to be tested. Each model was examined using the 
same sequence of statistical tests. In a first step, the variance caused by differences 
between participants (Level 2) was calculated in the baseline model without predictors. 
If this variance was significantly different from zero, it was meaningful to continue with 
a multilevel approach. In a second step, one or more Level 1 predictors were entered 
into the model to test the linear association between predictors and the outcome. In a 
third step, cross-level interactions could be tested. In this final step, the effect of 
baseline (Level 2) variables on the intercept and slope of the linear Level 1 association 
was analyzed. Also, baseline BDI-II or RRS scores were added as Level 2 variables to 
control for initial depressive symptoms and rumination scores. A specific example of a 
multilevel equation at this final step is :  
RRS totalti = π0i + π0i(AEQti) + eti 
with π0i = β00 + (Ospani) + β01 (non-emo. shift costi) + β02 (emo. shift costi)  
+ β03 (RRS total T1i) + r0i 
and π1i = β10 + (Ospani) + β11 (non-emo. shift costi) + β12 (emo. shift costi)  
+ β13 (RRS total T1i) + r1i 
All coefficients of this final step are presented in Table 3 for all models. 
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Table 1  
Questionnaire means (and SD's) on T1-T8 
 Baseline  Exam period   
 T1 T2 T3 T4 T5 T6 T7 T8 
RRS Total 40.48 (12.14) 36.36 (10.29) 34.29 (9.35) 33.99 (9.61) 33.81 (9.80) 31.73 (9.33) 36.91 (9.54) 37.33 (11.22) 
RRS brooding 9.73 (3.35) 8.53 (2.86) 7.74 (2.59) 7.64 (2.57) 7.59 (2.54) 7.20 (2.21) 8.50 (2.68) 8.79 (3.19) 
RRS reflection 9.08 (3.51) 8.03 (3.30) 6.91 (2.50) 6.99 (2.50) 6.83 (2.51) 6.78 (2.33) 7.88 (3.07) 7.88 (2.82) 
BDI-II 5.43 (5.14) 5.74 (6.29) 7.65 (5.15) 7.45 (5.92) 6.95 (6.75) 4.27 (5.44) 4.26 (4.97) 4.79 (5.26) 
AEQ (# events) N/A N/A 0.33 (0.59) 0.23 (0.50) 0.24 (0.48) 0.17 (0.44) N/A N/A 
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 Table 2 
Pearson correlation between baseline variables 
 (1) (2) (3) (4) (5) (6) (7) 
(1) O-Span Task score - -.066 -.148 -.040 -.003 -.031 -.025 
(2) Non-emo. shift cost  - .705
**
 .100 .117 .050 .170 
(3) Emo. shift cost   - .182 .060 -.001 .181 
(4) BDI-II total    - .172 .182 .020 
(5) RRS total     - .878
**
 .764
**
 
(6) RRS brooding      - .576
**
 
(7) RRS reflection       - 
Note. * p < .05. ** p < .01. 
 
Figure 2  
Multilevel models 
 
Level 1 association of AEQ and BDI/RRS moderated by Level 2 O-span/IST 
In the first step of multi-level analysis, level 2 variance of all outcome variables 
showed to be highly significant (all χ²(79) > 700, p < .001). When adding the number of 
adverse events as Level 1 predictor in the second step, this variable showed to be 
significantly associated with BDI-II, β = 0.10, t(236) = 2.35, p = .020, RRS total, β = 0.11, 
t(236) = 3.05, p = .003, and RRS brooding score, β = 0.09, t(236) = 2.26, p = .025. The 
Level 1
T3 – T6 outcomes
-BDI-II
-RRS total
-RRS brooding
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 AEQ score was not significantly related with the RRS reflection factor, t(236) = 0.020, p 
= .984. 
Adding the Level 2 moderators to the Levels 1 associations in the third step 
showed there were no significant effects of Level 2 variables on the intercept (except 
baseline questionnaire score) or slope of the Level 1 effects. 
Level 1 association of time and BDI/RRS moderated by Level 2 O-span/IST 
The previous analyses showed that level 2 variance of all outcome variables was 
highly significant (all χ²(79) > 700, p < .001). When adding time (week 1 - 4 during exams) 
as Level 1 predictor in the second step, this variable showed no significant association 
with BDI-II or RRS scores (all t < 0.351, p > .726). 
However, adding Level 2 moderators to the Level 1 associations in the third step 
showed that the slope of the association between time and RRS total score was 
significantly moderated by O-span score, β = -0.049, t(233) = -2.592, p = .010, and 
emotional shift cost, β = -0.076, t(233) = -2.409, p = .017, both controlled for baseline 
RRS total scores. Non-emotional shift cost did not moderate the time and RRS total 
association, t(233) = -0.659, p = .511. The same pattern of moderation effects was 
observed for the slope of the Level 1 time and RRS brooding association. It was 
significantly moderated by O-span score, β = -0.059, t(233) = -2.918, p = .004, and 
emotional shift cost, β = -0.067, t(233) = -1.981, p = .049, both controlled for baseline 
RRS brooding scores. This indicates that better working memory functioning, as 
indicated by the O-span score, but unexpectedly also a higher emotional shift cost are 
associated with a decrease in total rumination and brooding score over time during the 
four week exam period. 
No significant effects of Level 2 moderators were found for the slopes of Level 1 
association between time as predictor and RRS reflection or BDI-II as dependent 
variables. Moreover, Level 2 variables (except baseline questionnaire score) had no 
effect on the intercepts of the Level 1 associations. 
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 Table 3.  
Coefficients for all multilevel models 
 
Coefficient 
Standard 
Error t 
AEQ as Level 1 predictor 
BDI-II    
Intercept, π0    
(Constant), β00 -0.108 0.058 -1.856 
O-span, β01 -0.101 0.058 -1.746 
IST non-emo. shift cost, β02 0.157 0.091 1.716 
IST emo. shift cost, β03 -0.117 0.098 -1.199 
BDI-II (T1) , β04 0.533 0.073 7.340*** 
Slope AEQ, π1    
(Constant), β10 0.086 0.036 2.393* 
O-span, β11 -0.044 0.043 -1.040 
IST non-emo. shift cost, β12 -0.008 0.084 -0.096 
IST emo. shift cost, β13 -0.083 0.078 -1.065 
BDI-II (T1) , β14 -0.029 0.038 -0.775 
RRS-total    
Intercept, π0    
(Constant), β00 -0.099 0.072 -1.374 
O-span, β01 -0.037 0.071 -0.524 
IST non-emo. shift cost, β02 0.046 0.114 0.406 
IST emo. shift cost, β03 -0.097 0.120 -0.808 
RRS-total (T1) , β04 0.402 0.077 5.231*** 
Slope AEQ, π1    
(Constant), β10 0.118 0.030 3.885*** 
O-span, β11 0.011 0.035 0.305 
IST non-emo. shift cost, β12 -0.002 0.070 -0.027 
IST emo. shift cost, β13 -0.008 0.065 -0.127 
RRS-total (T1) , β14 -0.048 0.035 -1.384 
RRS-brooding    
Intercept, π0    
(Constant), β00 -0.123 0.072 -1.713 
O-span, β01 -0.032 0.072 -0.451 
IST non-emo. shift cost, β02 -0.004 0.114 -0.034 
IST emo. shift cost, β03 -0.060 0.120 -0.502 
RRS-brooding (T1) , β04 0.356 0.079 4.487*** 
Slope AEQ, π1    
(Constant), β10 0.090 0.033 2.700** 
O-span, β11 0.015 0.040 0.381 
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Coefficient 
Standard 
Error t 
IST non-emo. shift cost, β12 -0.036 0.076 -0.467 
IST emo. shift cost, β13 0.033 0.070 0.471 
RRS-brooding (T1) , β14 0.004 0.043 0.081 
RRS-reflection    
Intercept, π0    
(Constant), β00 -0.082 0.074 -1.109 
O-span, β01 -0.029 0.074 -0.391 
IST non-emo. shift cost, β02 0.045 0.117 0.386 
IST emo. shift cost, β03 0.040 0.124 0.320 
RRS-reflection (T1) , β04 0.424 0.077 5.538*** 
Slope AEQ, π1    
(Constant), β10 0.016 0.039 0.393 
O-span, β11 0.056 0.043 1.297 
IST non-emo. shift cost, β12 -0.001 0.089 -0.011 
IST emo. shift cost, β13 -0.018 0.084 -0.211 
RRS-reflection (T1) , β14 0.076 0.041 1.832 
    
TIME as Level 1 predictor 
BDI-II    
Intercept, π0    
(Constant), β00 -0.099 0.095 -1.034 
O-span, β01 0.065 0.095 0.684 
IST non-emo. shift cost, β02 -0.020 0.150 -0.132 
IST emo. shift cost, β03 0.203 0.159 1.275 
BDI-II (T1) , β04 0.461 0.098 4.691*** 
Slope TIME, π1    
(Constant), β10 0.006 0.024 0.265 
O-span, β11 -0.037 0.024 -1.558 
IST non-emo. shift cost, β12 0.026 0.038 0.691 
IST emo. shift cost, β13 -0.066 0.040 -1.629 
BDI-II (T1) , β14 -0.015 0.025 -0.602 
RRS-total    
Intercept, π0    
(Constant), β00 -0.103 0.086 -1.198 
O-span, β01 0.085 0.085 0.998 
IST non-emo. shift cost, β02 -0.003 0.136 -0.020 
IST emo. shift cost, β03 0.093 0.143 0.646 
RRS-total (T1) , β04 0.470 0.092 5.118*** 
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Coefficient 
Standard 
Error t 
Slope TIME, π1    
(Constant), β10 0.001 0.019 0.077 
O-span, β11 -0.049 0.019 -2.592** 
IST non-emo. shift cost, β12 0.020 0.030 0.659 
IST emo. shift cost, β13 -0.076 0.032 -2.409* 
RRS-total (T1) , β14 -0.027 0.020 -1.347 
RRS-brooding    
Intercept, π0    
(Constant), β00 -0.132 0.088 -1.500 
O-span, β01 0.116 0.087 1.323 
IST non-emo. shift cost, β02 0.019 0.139 0.135 
IST emo. shift cost, β03 0.107 0.147 0.729 
RRS-brooding (T1) , β04 0.434 0.097 4.479*** 
Slope TIME, π1    
(Constant), β10 0.003 0.020 0.157 
O-span, β11 -0.059 0.020 -2.918** 
IST non-emo. shift cost, β12 -0.009 0.032 -0.283 
IST emo. shift cost, β13 -0.067 0.034 -1.981* 
RRS-brooding (T1) , β14 -0.031 0.022 -1.389 
RRS-reflection    
Intercept, π0    
(Constant), β00 -0.099 0.095 -1.034 
O-span, β01 0.065 0.095 0.684 
IST non-emo. shift cost, β02 -0.020 0.150 -0.132 
IST emo. shift cost, β03 0.203 0.159 1.275 
RRS-reflection (T1) , β04 0.461 0.098 4.691*** 
Slope TIME, π1    
(Constant), β10 0.006 0.024 0.265 
O-span, β11 -0.037 0.024 -1.558 
IST non-emo. shift cost, β12 0.026 0.038 0.691 
IST emo. shift cost, β13 -0.066 0.040 -1.629 
RRS-reflection (T1) , β14 -0.015 0.025 -0.602 
Note. * p < .05, ** p < .01, *** p < .001 
 
Long term follow up: Hierarchical multiple regression analyses 
In this set of analyses, we tested whether working memory performance (O-span 
score, emotional and non-emotional shift cost) at baseline (T1) could predict depression 
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 and rumination scores (BDI-II, RRS-total, RRS-brooding and RRS-reflection) at one or 
both follow-up moments (T7 and T8) while controlling for baseline questionnaire score. 
More specifically each separate model tested in the first regression block whether the 
questionnaire score (e.g. RRS-total at T1) at baseline could predict the questionnaire 
score at follow-up (e.g. RRS-total at T7). In a second block we tested whether adding the 
three indicators of working memory performance significantly increased the proportion 
of explained variance by examining R squared change. All variables were centered. 
Model and change statistics for all models are presented in Table 4.  
Table 4 
Model and change statistics of all regression analyses 
  Model statistics  Change statistics 
  R² Fmodel  ΔR² F change 
BDI-II (T7)       
Block 1  .149 13.266***    
Block 2  .157 3.405*  .009 0.249 
RRS-total (T7)       
Block 1  .283 29.973***    
Block 2  .286 7.293***  .003 0.091 
RRS-brooding (T7)       
Block 1  .317 35.316***    
Block 2  .337 9.256***  .019 0.706 
RRS-reflection (T7)       
Block 1  .273 28.586***    
Block 2  .320 8.571***  .046 1.654 
BDI-II (T8)       
Block 1  .026 1.874    
Block 2  .120 2.321  .094 2.433 
RRS-total (T8)       
Block 1  .237 22.096***    
Block 2  .266 6.158***  .029 0.882 
RRS-brooding (T8)       
Block 1  .251 23.749***    
Block 2  .290 6.941***  .039 1.254 
RRS-reflection (T8)       
Block 1  .286 28,421***    
Block 2  .329 8.322***  .043 1.444 
Note. * p < .05, ** p < .01, *** p < .001 
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 In general, questionnaire scores at baseline (T1) significantly predicted 
questionnaire scores at both follow-up moments (except BDI-II at T8). However, in 
contrast to our hypotheses, adding the three indicators of working memory 
performance to the regression models did not significantly increase the proportion of 
explained variance for any outcome variable. 
Discussion 
In the present study, we wanted to gain better insight in the mechanisms 
underlying the association between impaired working memory functioning and the 
response to real life stressors. Therefore we examined whether baseline working 
memory functioning could predict rumination and subclinical depressive symptoms as 
response to stress during the examination period and at long term follow-up. We tried 
to replicate but also extend the findings of De Lissnyder, Koster, Goubert, et al. (2012) 
by using a larger sample, including the O-span task in the baseline assessment, also 
looking at the temporal evolution of reported rumination and depression, and adding 
two long term follow-up moments to the design. In general, we expected that adaptive 
working memory functioning at baseline would be predictive for a lower ruminative and 
depressive response to stress during examinations. Referring to our initial hypotheses, 
we found that: 
(1) In contrast to the findings of De Lissnyder, Koster, Goubert, et al. (2012) efficient 
working memory functioning, reflected in higher O-Span score and lower shift costs did 
not influence the positive association between experienced stress and a ruminative 
response or subclinical depressive symptoms during the examination period.  
(2) Even though there was no significant Level 1 effect between time and reported 
rumination or depressive symptoms, O-span score significantly moderated the 
association between time and total rumination score and brooding score. In line with 
the hypothesis, a higher O-span score, reflecting more efficient working memory 
functioning, was prospectively associated with a decrease in total rumination and 
brooding score. However, in contrast to the hypothesis, a higher emotional shift cost in 
the IST, reflecting more difficulties to switch between emotional information in working 
memory, was also associated with a decrease in total rumination and brooding score. 
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 (3) The three indicators of working memory performance could not predict ruminative 
response or depressive symptoms 12 or 18 months after baseline. Baseline 
questionnaire scores predicted future questionnaire scores (except BDI-II at T8) but 
adding O-span score and shift costs did not significantly increase the explained variance 
by this model. 
The major finding in line with our expectations was the predictive value of the 
Operation span task for the temporal evolution of rumination, and ruminative brooding 
in particular during the examination period. However, the majority of the hypotheses 
were not confirmed. Several expected baseline and future associations between 
working memory functioning and ruminative responses or depressive symptoms were 
not found. These null results cannot be attributed to lack of power because the sample 
size of the current study is more than double the size of the study we tried to replicate 
(De Lissnyder, Koster, Goubert, et al., 2012). 
Different explanations could account for the absence of these effects. First, a 
high functioning university student population was used, with relatively low rumination 
and depression scores, to examine whether pre-existing working memory deficits in a 
currently healthy sample could predict future rumination and depression in response to 
stress. This may have led to a restriction of range which reduced our ability to observe 
significant associations. In this sample, baseline questionnaire scores were uncorrelated 
with measures of working memory performance. Using a broader population sample 
with more variability in working memory performance and deficits might lead to 
meaningful associations with future stress-reactivity. Second, it is possible that intensity 
of stress during the examination period was too low to see effects on rumination or 
depressive symptoms. This was reflected in a relatively low number of reported adverse 
events. A similar study could be performed with participants experiencing more intense 
levels of stress, or stress could be induced in the lab. Third, questionnaires might be too 
insensitive to detect week to week changes. Alternative indicators of experienced stress, 
such as visual analog scales or ecological momentary assessment could be added to the 
assessment. Finally, we used a combination of two well validated and documented tasks, 
measuring different aspects of working memory using emotional as well as neutral 
stimuli. However, it is possible that other working memory tasks, tapping other aspects 
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 of working memory or using other stimuli, show a more meaningful pattern of 
associations with responses to stress (e.g. Pe et al., 2013). 
What can we conclude based on our findings? Based on the studies that have 
observed associations between working memory impairments and depressive 
symptoms and rumination (e.g. De Lissnyder, Koster, & De Raedt, 2012; De Lissnyder, 
Koster, Goubert, et al., 2012; Joormann & Gotlib, 2008; Joormann et al., 2011) it seems 
premature to conclude that our study provides conclusive evidence for the absence of a 
(prospective) relation between working memory functioning and psychopathology. 
However, the present study improved upon previous studies in many ways (sample size, 
length of assessment) thus some of the current ideas on the association between 
working memory and depression (e.g. Joormann et al., 2007) may need some revision. It 
may be that depression risk is not associated with broad impairments (such as the ones 
measured by O-span) but by more subtly and specific impairments. Here, a broad 
investigation into different components of working memory (distractor interference, 
switching and updating) would be warranted. The same holds for understanding 
impaired cognitive control when processing affective information. Although research 
indicates high test-retest reliability of the IST (Koster, De Lissnyder, & De Raedt, 2013), 
state variables could readily influence the measurement of such impairments. Thus, at 
present we suggest that our data question the notion of cognitive control impairments 
as stable risk factors for depression. Perhaps examining cognitive control in relation to 
negative and positive affect could be a fruitful avenue since this would be a more 
proximal context to the real-life situations where cognitive control potentially 
influences emotions and emotion regulation. 
Even though the study has several strengths, such as a large sample with low 
drop-out, a prospective design with long term follow-up and the observation during the 
experience of a real life stressor, there are some limitations of which some are already 
mentioned above. The use of a homogeneous sample of university students, limits the 
generalizability. Furthermore, we tried to obtain a representative measure of the 
number of stressors, levels of rumination and depressive symptoms by having four 
assessments with one week intervals. We did not control for the number of exams and 
the specific timing of each exam. This could have blurred potential effects. Finally, even 
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 though a combination of two tasks measuring working memory performance was used, 
administering alternative tasks might yield other effects. 
In sum, using a prospective design, this study found limited evidence for the 
prospective association between working memory performance, and the evolution of 
rumination during the experience of a stressful period. However, several theoretically 
expected associations were absent. Future research using multiple working memory 
tasks at baseline, and the subsequent observation of the response on intense levels of 
stress could provide better insight in the role of working memory processes in the origin 
and evolution of depression. 
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TRAINING WORKING MEMORY TO 
REDUCE RUMINATION AND  
DEPRESSIVE SYMPTOMS
1
 
 
Abstract 
Cognitive symptoms of depression, such as rumination, have shown to be associated 
with deficits in working memory functioning. More precisely, the capacity to expel 
irrelevant negative information from working memory seems to be affected. Even 
though these associations have repeatedly been demonstrated, the nature and causal 
direction of this association is still unclear. Therefore, within an experimental design, we 
tried to manipulate working memory functioning of participants with heightened 
rumination scores in two similar experiments (n = 72 and n = 45) using a six day working 
memory training compared to active and passive control groups. Subsequently the 
effects on the processing of non-emotional and emotional information in working 
memory were monitored. In both experiments, performance during the training task 
significantly increased, but this performance gain did not transfer to the outcome 
working memory tasks or rumination and depression measures. Possible explanations 
for the failure to find transfer effects are discussed.   
1 Based on Onraedt, T., & Koster, E. H. W. (2014). Training working memory to reduce 
rumination. Plos One, 9(3), e90632. doi: 10.1371/journal.pone.0090632
4 CHAPTER 
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 Introduction 
Depression is generally considered an invalidating mental disorder that is 
associated with major suffering for affected individuals and their direct social network 
(American Psychiatric Association, 2013). Moreover, at the societal level depression 
poses a major challenge as the burden of this disorder is large in terms of sick leave 
(Kessler et al., 2006), co-morbidity with health problems (Moussavi et al., 2007) and 
treatment costs (Luppa, Heinrich, Angermeyer, Konig, & Riedel-Heller, 2007). Despite 
decades of research on psychological as well as pharmacological interventions major 
challenges remain. These challenges include improving the response rates and ensuring 
stable levels of remission (Kessler & Wang, 2009; Mueller et al., 1999). Increasingly, 
translational research, based on specific knowledge of causal risk factors of depression 
research, is trying to develop new methods to specifically target the etiological and 
maintaining mechanisms of depression. In the present work we explore the utility of a 
new training methodology to improve cognitive impairments in the context of cognitive 
risk factors of depression. 
Cognitive impairments and depressive symptoms 
Cognitive impairments are considered important features of depression. 
According to the Diagnostic and Statistical Manual of Mental Disorders (American 
Psychiatric Association, 2013), these impairments include memory, concentration and 
attention problems. In recent years, it has been strongly advocated that some of the 
cognitive impairments observed in depression are more than simple correlates of 
negative mood but provide a major contribution to impaired emotion regulation, 
rumination, and persistent negative affect (Millan et al., 2012; Siegle, Ghinassi, & Thase, 
2007). This notion is based on extensive empirical research that shows that different 
aspects of cognitive control, such as inhibition, attentional control, and working 
memory capacity are impaired in individuals with clinical depression (De Raedt & Koster, 
2010; Gotlib & Joormann, 2010). 
In line with the idea that cognitive control is a causal risk factor for depression it 
has been found that such impairments can also be observed in samples that are not 
currently depressed but that have a high risk for developing depression. For instance 
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 Joormann, Talbot, and Gotlib (2007) demonstrated that, following a negative mood 
induction, never-disordered daughters of depressed mothers showed biased selective 
attention to negative emotional stimuli compared to a control group. Other studies 
used samples that have high levels of rumination, a key cognitive risk factor for 
depression. Rumination is defined as repetitive thoughts focused on the causes, 
symptoms and implications of one's negative mood state (Nolen-Hoeksema, 1991). The 
most used self-report instrument to assess ruminative thinking is the Ruminative 
Response Scale (RRS) (Nolen-Hoeksema & Morrow, 1991), measuring to what extent 
individuals generally respond in a ruminative way when feeling down, sad or depressed. 
Empirical studies have extensively demonstrated that rumination is associated with 
various aspects of depression risk (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). 
Other studies found that individuals scoring high on rumination are characterized by 
impaired inhibition and switching in working memory when negative information was in 
focal attention (De Lissnyder, Koster, & De Raedt, 2012; Joormann & Gotlib, 2008). 
Interestingly, impaired ability to switch attention away from negative information in 
working memory is prospectively associated with elevated rumination upon 
encountering stressful events (De Lissnyder, Koster, Goubert, et al., 2012). Moreover, a 
prospective study in remitted depressed individuals showed that cognitive impairments 
in emotion processing predicted rumination and new depressive symptoms one year 
later (Demeyer, De Lissnyder, Koster, & De Raedt, 2012). 
It has been argued that many of the cognitive impairments described earlier can 
be mapped onto the functioning of working memory. Working memory can be defined 
as a limited-capacity system for the temporary storage of information and a mechanism 
of central or executive attention that regulates the content of the working memory 
(Baddeley & Hitch, 1974). It is thought that many of the impairments observed at the 
level of attention and memory can be explained by difficulties in expelling irrelevant or 
no longer relevant negative information from working memory (Joormann & Gotlib, 
2008; Levens & Gotlib, 2010). However, in the context of depression and rumination, 
many studies have also observed overall reduced working memory capacity (Owens, 
Koster, & Derakshan, 2012; Rose & Ebmeier, 2006). The latter finding is in line with the 
observation that depression is characterized by reduced levels of frontal activity (Levin, 
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 Heller, Mohanty, Herrington, & Miller, 2007). Moreover, rumination has also been 
linked to neural difficulties switching from resting state to task-engagement (Berman et 
al., 2011). 
Causality 
Even though the link between cognitive impairments and depressive symptoms 
has been demonstrated in several correlational and prospective studies, no clear 
inferences about the nature of this association can be made. It is possible that 
depression and rumination deplete working memory resources (Philippot & Brutoux, 
2008). Alternatively, working memory impairments such as difficulties removing 
negative information out of working memory, may cause a prolonged and almost 
chronic exposure to these stimuli. Such difficulties to interrupt the vicious cycle of 
negative thoughts can be considered a key cognitive process underlying rumination 
(Joormann & D'Avanzato, 2010). Finally, in correlational and prospective designs it is 
also possible that a third factor influences both working memory and rumination or 
depressive symptoms. To investigate whether working memory processes have a causal 
influence on depressive symptoms, an experimental design is required. Using the 
cognitive bias modification methodology (Koster, Fox, & MacLeod, 2009) to examine the 
functional role of cognitive processes, the expected causal factor, being working 
memory functioning, has to be manipulated to subsequently monitor the effects on 
rumination and subclinical depressive symptoms.  
Currently, there is an extensive debate about the efficacy of working memory 
training and the transferability of training effects (Morrison & Chein, 2011; Owen et al., 
2010; Shipstead, Redick, & Engle, 2010, 2012). A major challenge of working memory 
training procedures is to obtain transfer of training to new tasks and contexts. In recent 
years, several studies have shown promising results using a working memory training 
paradigm. For instance Jaeggi, Buschkuehl, Jonides, and Perrig (2008) used the dual n-
back task to train working memory and found, next to improvements on the training 
task, considerable gains in fluid intelligence scores compared to a control group (see 
also Jaeggi et al., 2010). However, these results have been challenged based on 
inappropriate designs (absence of an active control condition) and inappropriate 
transfer tasks that do not tap aspects of working memory (Shipstead et al., 2010).  
122
Chapter 4: Training working memory to reduce rumination and depressive symptoms
 Although the efficacy of working memory training in improving working memory 
performance in healthy individuals is still under debate, working memory training may 
have interesting effects in the context of psychopathology or traits that are 
characterized by reduced working memory performance (Houben, Wiers, & Jansen, 
2011; Klingberg, 2007; Klingberg et al., 2005; Siegle et al., 2007). Owens, Koster, and 
Derakshan (2013) were able to improve working memory capacity and filtering 
efficiency in a non-clinically depressed sample, using the dual n-back training. Moreover, 
these changes were associated with EEG measures before and after training. The results 
of these studies suggest that working memory training, and the dual n-back task in 
particular, might be a valid tool to manipulate working memory within an experimental 
design. Such training has interesting potential. If working memory training proves to 
cause sustainable beneficial effects, it could complement existing treatments or (relapse) 
prevention programs. The main advantages of this kind of computerized training are 
that an online version is easily accessible for a large target group, cost-efficient and the 
health care professional can monitor the day to day progress. 
Current study 
The aim of the two recent experiments was to examine the effect of a well-
documented non-emotional working memory training on the processing of (1) non-
emotional and (2) emotional information in working memory and (3) measures of 
rumination and depression in a population characterized by elevated levels of 
rumination. Since rumination is characterized by impaired performance on working 
memory tasks (Owens et al., 2012) we sought to investigate whether working memory 
training could change working memory functioning in relation to emotional and non-
emotional information and whether such training could subsequently reduce the 
tendency to ruminate. This lower tendency to ruminate could eventually lead to a 
decrease in levels of (subclinical) depressive symptoms. 
In two experiments, participants were randomly allocated to a six-day dual n-
back training, an active control condition or (only in experiment 1) a no training control 
group. In the first experiment this training phase was preceded and followed by the 
Running Span Task (Broadway & Engle, 2010), a classic working memory task, the 
Internal Shift Task (Chambers, Lo, & Allen, 2008), that measures the shifting ability in 
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 working memory using emotional stimuli, the Beck Depression Inventory-II (BDI-II) (Beck, 
Steer, & Brown, 1996) and the Ruminative Responses Scale (RRS) (Nolen-Hoeksema & 
Morrow, 1991). In the second experiment, to examine transfer effects of training, the 
Internal Shift Task was replaced by the Operation Span Task (Unsworth, Heitz, Schrock, 
& Engle, 2005), another classic working memory task, and the emotional 2 back task 
(adapted from Levens & Gotlib, 2010), that measures the influence of negative 
information on the updating capacity of working memory. In both experiments the BDI-
II and RRS were administered a third time, two weeks after training as follow-up.  
These designs allowed to investigate the effect of the experimental manipulation 
on changes in working memory performance, rumination scores, and depressive 
symptoms after one week of training and at follow up. Summarizing the previous 
research three main hypotheses were generated for this study. First of all, in line with 
previous training studies (Jaeggi et al., 2008; Owens et al., 2013), we expect that in the 
dual n-back training group, general working memory performance, as measured by the 
classic working memory tasks will improve, relative to the active control or no training 
group. Second, we expect that improved working memory performance will ameliorate 
the processing of emotional information (De Lissnyder, Koster, & De Raedt, 2012; 
Joormann & Gotlib, 2008) and therefore hypothesize that the interference of emotional 
stimuli will decrease in the dual n-back group compared to the control groups. Finally, 
we expect that improved processing of emotional information will lead to a more 
adaptive coping with daily stressors and therefore hypothesize that rumination and 
potentially depression scores will decrease in the dual n-back group relative to the 
control groups. 
Experiment 1 
Method 
Design overview 
An overview of the experiment design is presented in Figure 1. At pre-training 
two working memory tasks, the Running Span Task and the Internal Shift Task were 
administered, followed by questionnaires. Subsequently, participants were randomly 
assigned to one of three homework training conditions. One week later the same 
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 computer tasks and questionnaires were administered at post-training. Another two 
weeks later, questionnaires were administered a third time during a follow-up. 
Figure 1.  
Experiment design 
 
Participants 
In this experiment, 79 undergraduates of Ghent University participated in return 
for a financial compensation (€ 25). The experiment was advertised through an online 
experiment managing system. Using a screening questionnaire, only participants with a 
RRS total score of 46 or above were invited for the experiment to ensure only 
individuals with a relative high tendency to ruminate could participate. Three 
participants were excluded because they did not show up for the posttest. Another four 
participants were excluded because they did not perform sufficient training sessions 
between both test moments. This resulted in a final sample of 72 participants. 
Participants’ characteristics are presented in table 1. 
Table 1 
Group characteristics 
 Dual n-back Single 1-back No training 
N 21 25 26 
Age (M (SD)) 20.19 (2.06) 20.92 (3.24) 19.85 (2.03) 
Gender (M/F) 2/19 7/18 0/26 
 
R-Span
IST
BDI
RRS
Dual N-Back
Single 1-Back
R-Span
IST
BDI
RRS
BDI
RRS
No training
        pre-training                  1 week of training                          post-training    2 weeks        follow-up 
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 Materials 
Running memory Span Task (R-Span Task) 
 The R-Span Task was programmed by Nitz (2010) in line with Broadway and 
Engle (2010) and ran using the Inquisit software package (Inquisit 3.0.5.0, 2011) on a 
Pentium 4 computer with a 60 HZ 17 inch CRT monitor. In the R-Span Task, participants 
were instructed to report the last n letters, in the correct order, from a series of 
sequentially presented letters (a combination of F, H, J, K, L, N, P, Q, R, S, T or Y). The 
length of this series was variable, so participants could not predict when the series 
ended. The number of target letters varied from three to eight. Before each series 
participants were informed about the number of letters that had to be reported. Each 
letter was presented sequentially for 300 ms (with an interstimulus interval of 200 ms) 
in the center of a grey screen in a black 18 pt font. In total, 36 series of letters were 
presented, more precisely one block of six series for every target length (3, 4, 5, 6, 7 or 
8). The order of these blocks was randomized. Within each block, the target letters were 
three times preceded by zero distractors, and one time by one, two and three letters, in 
a random order. After each series, participants could respond by clicking the recalled 
letters in the correct order on a 3 x 4 grid containing all possible letters. One point was 
assigned for every target letter that was correctly recalled and in the correct serial 
position. 
Internal shift task (IST) 
The IST (Chambers et al., 2008; De Lissnyder, Koster, & De Raedt, 2012) was 
programmed using the E-prime software package (Schneider, Eschman, & Zuccolotto, 
2007), and ran on the same computer as the R-Span Task. In the IST, series of faces 
taken and adjusted from the Karolinska Directed Emotional Faces database (Lundqvist, 
Flykt, & Öhman, 1998) were sequentially presented at the center of a computer screen. 
The number of faces in each series varied randomly from 10 to 14. In the emotional 
condition, participants were instructed to keep a silent mental count of the number of 
neutral and angry faces. Therefore they had to keep two counters in mind that had to 
be updated every time a face was presented. Participants were instructed to press the 
space bar as soon as possible, every time they had updated their counters. Their 
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 reaction time was the main variable of interest. Two hundred ms after the key press the 
next face appeared. At the end of each series of faces, participants had to report how 
many neutral and angry faces they had seen. In the non-emotional condition, the same 
stimuli were used but participants had to keep a mental count of the number of male 
and female faces. The order in which both conditions had to be completed was 
counterbalanced across subjects. Based on the order of the faces, trials could be 
defined as shift or no-shift trials. A trial was considered a shift trial if the counter that 
had to be updated was different from the previous trial (e.g. angry-neutral or male-
female). In a no-shift trial the counter that needed to be updated was the same as in the 
previous trial (e.g. neutral-neutral or male-male). By subtracting the mean reaction time 
of the shift trials from the mean reaction time of the no-shift trials, shift costs could be 
calculated separately for the emotional and non-emotional condition. In each condition, 
12 series of faces were presented, preceded by three practice series. 
Dual n-back training 
For the homework training, participants installed the Brainworkshop software 
package (Hoskinson & Toomim, 2008) on their personal computer. Using this program, 
they could perform the dual n-back task (Jaeggi et al., 2008). In the dual n-back task, 
both visual and auditory information was presented sequentially at a rate of 3000 ms 
per trial (500 ms stimuli presentation, 2500 ms interstimuli-interval). In a 3x3 grid, a 
blue square appeared randomly in one of eight possible locations. Simultaneously, 
participants heard a spoken letter (C, H, K, L, Q, R, S or T). Every day the dual n-back task 
started at level n = 2. This means participants had to compare the current square 
position and letter with the square position and letter presented two steps before. 
Participants had to respond by pressing “Q” for matching positions and “L” for matching 
sounds. If both position and sound matched, both “Q” and “L” had to be pressed. If 
there was no match, no response had to be made. Each block included n + 20 
combinations of a square and a letter, and comprised four visual matches, four auditory 
matches and two simultaneous (both visual and auditory) matches. If response accuracy 
within the block was 90% or greater, the dual n-back level was increased (e.g. if n = 3, 
current position and sound had to be compared with position and sound 3 steps before). 
If response accuracy was between 90 and 75%, dual n-back level was maintained, and if 
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 response accuracy was 75% or below, the dual n-back level was decreased. Participants 
in the dual n-back training group had to complete 20 blocks of 20 + n trials each day, 
during six days. This amount of training was shown to be sufficient to train working 
memory in subclinically depressed individuals (Owens et al., 2013). 
Position and sound 1-back 
Participants in the control training condition performed a single 1-back task, also 
using the Brainworkshop software package (Hoskinson & Toomim, 2008). In contrast to 
the dual n-back task, they only had to monitor one stream of stimuli, more specifically 
the position of the square in the position 1-back condition or the spoken letter in the 
sound 1-back condition. Irrespective of performance, the n level was fixed at n = 1, so 
participants were instructed to compare the current stimulus with the previous one by 
pressing “Q” or “L” for a position or sound match respectively. Parallel to the dual n-
back training condition, participants had to complete 20 blocks of 20 + 1 trials each day, 
during six days. The procedure of both control tasks was very similar to the dual n-back 
tasks, but in contrast to the dual n-back task, they only placed a minimal load on 
working memory capacities. 
Questionnaires 
In order to measure the presence and severity of depressive symptoms, the 
Dutch translation of the Beck Depression Inventory-II (Beck et al., 1996; Van der Does, 
2002) was used. The BDI-II is a 21 item (scored from 0 to 3) self-report measure and has 
been found to be a valid measure to establish depressive symptoms in both clinical and 
non-clinical samples (Beck et al., 1996; Beck, Steer, & Garbin, 1988). 
The Dutch translation of the Ruminative Response Scale (Nolen-Hoeksema & 
Morrow, 1991; Raes & Hermans, 2007) was used to measure rumination. The Dutch 
version of the RRS is a 22 item self-report questionnaire that measures responses to a 
depressed mood that are repetitively focused on the self, symptoms or consequences of 
that depressed mood. Participants have to indicate how often they engage in these 
responses on a four-point Likert scale ranging from 1 (almost never) to 4 (almost 
always). Although a total score can be calculated, rumination as measured by the RRS 
cannot be seen as a unitary construct. An exploratory factor analysis of Treynor, 
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 Gonzalez, and Nolen-Hoeksema (2003) identified two distinct factors differentially 
related to depressive symptoms. The first factor, reflective pondering, consists of five 
items that assess the rather adaptive cognitive problem solving focused at improving 
one’s mood and depressive symptoms. The second factor, ruminative brooding consists 
of five items that assess the maladaptive passive focus on the possible causes of their 
depressed mood. The RRS proved to be a reliable and valid measure of rumination 
(Treynor et al., 2003). 
Procedure 
Participants were given limited instructions about the purpose of the study. They 
were told their participation consisted out of a six day homework computer task, 
preceded and followed by two computer tasks in the lab and some questionnaires. All 
participants provided their written informed consent to participate in this study. At 
pretest, the R-Span Task and IST were administered after completing the informed 
consent form. The BDI-II and RRS had to be completed the same day. Participants were 
randomly allocated to the dual n-back training condition, single 1-back control condition 
or no training condition. Within the single 1-back condition, participants were randomly 
allocated to either the position or the sound 1-back control training. Afterwards, the 
participants allocated to the position and sound 1-back condition were combined to one 
single 1-back control condition. After exactly one week of daily training, both computer 
tasks and questionnaires were administered at posttest. Finally, two weeks after 
posttest, the questionnaires were completed as follow-up. At the end of this follow-up, 
participants were debriefed about the purposes of this experiment. This experiment 
was approved by the ethics committee of the Faculty of Psychology and Educational 
Sciences, Ghent University. 
Statistical analyses 
Associations between computer task scores and questionnaires were inspected 
using Pearson correlations. To test for baseline differences between groups, a set of one 
way ANOVAS was executed with group as independent variable. The effect of training 
was tested using a mixed ANOVA design for each outcome variable, with time as within 
subject factor and group as between subject factor. 
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 Results 
Baseline correlations 
Correlations between the baseline computer tasks and questionnaires are 
presented in table 2. Running span score was negatively correlated with emotional shift 
cost, but not with non-emotional shift cost. Emotional and non-emotional shift cost 
were highly correlated. Running span score was negatively correlated with BDI-II score, 
but not with rumination scores, and only non-emotional shift cost was significantly 
correlated with ruminative brooding score. BDI-II score was significantly correlated with 
the RRS total and brooding score, but not with the reflection score. Finally, RRS total 
score was correlated with both RRS factors, but the brooding and reflection factor were 
not correlated. 
Table 2 
Pearson correlation between baseline variables 
 (1) (2) (3) (4) (5) (6) (7) 
(1) R-Span Task score - -.297
*
 -.082 -.267
*
 -.046 -.024 -.109 
(2) Emo. shift cost  - .690
**
 .063 .085 .114 .146 
(3) Non-emo. shift cost   - .198 .100 .251
*
 .031 
(4) BDI-II total    - .295
*
 .235
*
 .055 
(5) RRS total     - .700
**
 .530
**
 
(6) RRS brooding      - .100 
(7) RRS reflection       - 
Note. 
* p < .05. ** p < .01. 
Baseline group differences 
One way ANOVAS indicated that mean age, R-Span Task, IST, BDI-II and RRS 
scores were not significantly different between the dual n-back, single 1-back control, 
and no training control group (all Fs < 2.4) at pretest. There were however significant 
differences in gender ratio between conditions, χ²(2, N = 72) = 9.38, p = .009, see  
table 1.  
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 Dual n-back training performance 
During the six day training, the performance of the adaptive dual n-back training 
group improved significantly. The average daily maximum n-level increased gradually 
from 3.10 (SD = 0.63) at day one to 4.50 (SD = 1.43) at day six, t(19) = 4.92, p < .001, 
Cohen’s d = 1.10 (see figure 2). The increase in maximum n-level was not significantly 
correlated with the difference scores (post- minus pre-training score) for the R-Span, IST 
and RRS, all p’s >.29. There was however a marginally significant correlation between 
dual n-back improvement and BDI-II difference score, r = -.375, p = .093, indicating 
larger training gains are marginally associated with a smaller increase, or larger 
decrease in BDI-II score. 
Figure 2 
Dual n-back progress with 95% confidence intervals 
 
Analyses of transfer effects 
All task and questionnaires scores are presented in table 3. 
Running Span Task 
A 2 x 3 mixed ANOVA was performed with R-Span Task score as dependent 
variable, time (pretraining and posttraining R-Span Task score) as within-subjects factor 
and training condition (dual n-back, single 1-back2, or no training) as between-subjects 
2 Sound 1-back and position 1-back were collapsed after data exploration indicated no 
differences for all analyses
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 factor. As expected there was a main effect of time, F(1, 69) = 6.80, p = .011, η² = .090, 
indicating a better performance at posttraining (M = 21.83, SD = 5.46) compared to 
pretraining (M = 20.42, SD = 5.59). No main effect of training group was found, F(2, 69) 
= 1.68, p = .194, η² = .046 and we failed to find the expected two-way interaction 
between time and training condition, F(2, 69) = 0.66, p = .522, η² = .019. Controlling for 
baseline BDI-II and RRS scores did not alter the results. 
Internal shift task 
One participant did not complete the IST at pretraining, and was excluded for 
the IST analyses. A 2 x 3 mixed ANOVA was performed with emotional shift cost as 
dependent variable, time (pretraining and posttraining) as within-subjects factor and 
training condition (dual n-back, single 1-back, or no training) as between-subjects factor. 
Unexpectedly, neither a main effect of time, F(1, 68) = 2.31, p = .13, η² = .033, group, F(2, 
68) = 1.19, p = .31, η² = .020, nor a two way interaction between time and condition, F(2, 
68) = 0.68, p = .51, η² = .020 were found. The same analysis was performed with non-
emotional shift cost as dependent variable. A main effect of time was found, F(1, 68) = 
7.64, p = .007, η² = .101, indicating a lower non-emotional shift cost posttraining (M = 
356 ms, SD = 206 ms) compared to pretraining (M = 413 ms, SD = 208 ms). No main 
effect of group was found, F(2, 68) = 1.26, p = .29, η² = .036, and also the two way 
interaction between time and condition was non-significant, F(2, 68) = 0.34, p = .71, η² 
= .010. Controlling for baseline BDI-II and RRS scores did not alter the results.
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Table 3 
Computer task and questionnaire scores for T1, T2 and T3 
 Pre-training (T1)  Post-training (T2)  Follow-up (T3) 
 Dual n-back Single 1-back No training  Dual n-back Single 1-back No training  Dual n-back Single 1-back No training 
R-span 20.62 (6.91) 21.36 (5.72) 19.35 (4.12)  22.95 (5.30) 22.72 (6.18) 20.08 (4.54)  - - - 
IST         - - - 
Emo. shift cost (ms) 403 (243) 386 (215) 498 (199)  382 (273) 376 (229) 431 (190)  - - - 
Non-emo. shift cost (ms) 409 (238) 373 (192) 458 (196)  325 (195) 332 (203) 405 (216)  - - - 
BDI-II 9.14 (8.74) 10.48 (8.99) 9.58 (7.36)  8.90 (8.41) 9.12 (7.65) 8.81 (7.04)  10.00 (10.44) 8.84 (7.74) 10.38 (7.76) 
RRS total  49.33 (8.99) 47.12 (11.16) 47.88 (9.84)  48.43 (10.11) 44.92 (10.95) 46.23 (8.90)  49.67 (12.12) 45.24 (11.70) 47.31 (9.14) 
RRS brooding 11.14 (3.18) 11.12 (3.14) 12.15 (3.54)  10.95 (3.57) 10.04 (2.85) 11.08 (3.62)  10.95 (3.57) 9.84 (2.87) 11.38 (2.93) 
RRS reflection 10.86 (3.93) 10.40 (3.84) 10.58 (3.79)  10.52 (4.54) 9.88 (3.91) 10.77 (4.25)  10.67 (4.81) 10.32 (3.74) 10.77 (4.06) 
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 Ruminative Response Scale 
A 3 x 3 mixed ANOVA was performed with time (pretraining, posttraining and 
follow-up RRS total score) as within-subjects factor and training condition (dual n-back, 
single 1-back, or no training) as between-subjects factor. Because sphericity could not 
be assumed, the F ratio was obtained applying the Huynh-Feldt correction (Huynh & 
Feldt, 1976). No main time effect, F(1.79, 123.80) = 1.75, p = .18, η² = .025, group effect, 
F(2, 69) = 0.73, p = .49, η² = .021, or interaction effect, F(3.59, 123.80) = 0.29, p = .87,  
η² = .008 was found.  
The analysis was repeated with the brooding factor as dependent variable. A 
significant main effect of time was found, F(2, 138) = 6.28, p = .002, η² = .089 
(pretraining M = 11.50, SD = 3.29; posttraining M = 10.68, SD = 3.34; follow-up M = 
10.72, SD = 3.14) but there was no significant group effect over time, F(2, 69) = 1.01, p 
= .37, η² = .028 or time by condition interaction, F(4, 138) = 1.15, p = .34, η² = .032. 
When using the reflection factor as dependent variable, no significant main time 
effect, F(2, 138) = 0.51, p = .60, η² = .007, group effect, F(2, 69) = 0.13, p = .88, η² = .004, 
or time by condition interaction was found, F(4, 138) = 0.47, p = .76, η² = .013. 
Controlling for baseline BDI-II score did not alter the results. 
Beck Depression Inventory II 
Because BDI-II scores were not normally distributed, a logarithmic 
transformation was performed, after increasing the scores with one point to avoid zero 
values. A 3 x 3 mixed ANOVA was performed with BDI-II total score as dependent 
variable, time (pretraining, posttraining and follow-up BDI-II score) as within-subjects 
factor and training condition (dual n-back, single 1-back, or no training) as between-
subjects factor. Because sphericity could not be assumed, the F ratio was obtained 
applying the Huynh-Feldt correction (Huynh & Feldt, 1976). Neither a main time effect, 
F(1.67, 113.34) = 1.51, p = .23, η² = .022, main effect of group, F(3, 68) = 0.21, p = .89, η² 
= .009, nor interaction between time and condition, F(5, 113.34) = 1.39, p = .23, η² 
= .058 was found.  
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 Discussion 
In experiment 1 we investigated whether working memory training had 
beneficial effects in individuals with high levels of rumination. For this purpose we 
compared individuals allocated to a working memory training with individuals who 
performed a less demanding one-back task or had a no task control condition. In 
contrast to the hypotheses, no differences between the experimental dual n-back 
training group and the control groups were found for the working memory tasks or the 
questionnaires. The training task performance of the dual n-back group improved over 
time, but we were not able to find measurable transfer effects of working memory 
training to other variables. 
A second experiment was conducted to examine whether transfer effects of the 
same training paradigm could be observed on another set of basic and emotional 
working memory tasks. For this purpose we used the Operation Span Task (Unsworth et 
al., 2005) and the Emotional 2-back (Levens & Gotlib, 2010) task instead of the Internal 
Shift Task.  
Another purpose of experiment 2 was to explore the potential moderating role 
of metacognitive beliefs on the effect of working memory training on rumination. It has 
been found that a subset of individuals with high levels of rumination hold positive or 
negative beliefs about rumination (Papageorgiou & Wells, 2001a). In our context, it is 
possible that individuals who hold negative beliefs about rumination will be the ones 
that benefit most from WM training because increased flexibility might help them to 
interrupt unwanted ruminative thinking. In contrast, individuals that hold positive 
beliefs about rumination could use the improved working memory capacity to ruminate 
more. Therefore, the role of metacognitions about rumination were also considered in 
experiment 2. 
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Experiment 2 
Method 
Design overview 
An overview of the experiment design is presented in Figure 3. At pre-training 
three working memory tasks, the Running Span Task, Operation Span Task and an 
emotional 2-back task were administered, followed by questionnaires. Subsequently, 
participants were randomly assigned to one of two homework training conditions. One 
week later the same computer tasks and questionnaires were administered at post-
training. Another two weeks later, questionnaires were administered a third time during 
a follow-up. 
Figure 3 
Experiment design 
 
 
Participants 
In this experiment, 53 undergraduates of Ghent University participated in return 
for a financial compensation (€ 30). The experiment was advertised through an online 
experiment managing system. Using the RRS as screening questionnaire, we tried to 
oversample participants scoring high on rumination. 
Two participants were excluded because they did not show up for the posttest. 
One participant was excluded because she did not perform sufficient training sessions 
between both test moments. Another three participants were excluded because they 
did not complete the questionnaires. Based on outlier analysis, two more participants 
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 were excluded because of a high BDI-II score. This resulted in a final sample of 45 
participants. Participants’ characteristics are presented in table 4. Four participants did 
not complete the follow-up questionnaires. They were only excluded for the 
questionnaire analyses. 
Table 4 
Group characteristics 
 Dual n-back Single 1-back 
N 21 24 
Age (M (SD)) 20.76 (2.51) 21.54 (4.55) 
Gender (M/F) 16/5 10/2 
 
Materials 
Running memory Span Task 
 The R-Span Task used in this experiment was identical to the task described in the 
method section of experiment 1. 
Operation Span Task 
The Operation Span Task (O-span; Turner & Engle, 1989) was programmed by 
Nitz, Grenard, and Draine (2009) in line with Unsworth et al. (2005) and ran using the 
Inquisit software package (Inquisit 3.0.5.0, 2011) on a Pentium 4 computer with a 60 Hz 
17 inch CRT monitor. In the O-Span Task, participants were presented with 
mathematical problems they needed to solve, alternated with letters they had to 
remember. The actual task was preceded by three practice phases. In the first phase, 
three series of letters (a combination of F, H, J, K, L, N, P, Q, R, S, T, or Y) appeared on 
the screen at a rate of 800 ms per letter. Participants were instructed to recall the 
letters in the correct order. At the end of each series, participants could respond by 
clicking the recalled letters on a 4 x 3 matrix containing all possible letters. After the 
response, feedback was provided. In the second practice phase, 15 math problems (e.g. 
(8/2) + 9 = ?) were presented sequentially. Participants were instructed to solve the 
problems as quickly as possible, and to click the left mouse button as soon as they knew 
137
Chapter 4: Training working memory to reduce rumination and depressive symptoms
 the answer. After clicking, a number was presented on the screen and participants had 
to judge whether this was the correct solution by clicking true or false. After each math 
problem, accuracy feedback was provided. In the third practice phase solving math 
problems and recalling letters was combined. First, participants saw a math problem. 
Next, after clicking to indicate they had solved the problem and subsequently judging 
whether the presented number was correct, a letter was presented for 800 ms, after 
which a new math problem and letter combination appeared. During the second 
practice phase, the participant’s reaction time to indicate the solution was found, was 
recorded. To prevent participants from rehearsing the letters while solving the 
mathematical problem, the mean reaction time plus 2.5 standard deviations was used 
in the third practice phase as a time limit for the mathematical problem. If reaction time 
exceeded this time limit, the letter was shown immediately and the response to the 
mathematical problem was coded as a speed error. At the end of each series, 
participants had to report the recalled letters on a 4 x 3 matrix. During the third practice 
phase, three series of two mathematical problems and letter combinations were 
presented.  
The instructions for the actual task were identical to the third practice phase. 
The length of each series was ranging from three to seven, and during the O-Span Task 
each length was presented three times, in a random order. So 15 series were presented, 
comprising 75 mathematical problems and 75 letters. Participants were encouraged to 
keep the overall mathematical problem accuracy above 85%, in order to avoid 
participants focusing only on remembering the letters. After each series, the overall 
accuracy percentage was presented during feedback. The main outcome variable used 
in the analyses was the O-Span Task score, being the sum of all letters in perfectly 
recalled series.  
Emotional 2 back task 
The emotional 2-back task was adapted from Levens and Gotlib (2010) and 
programmed using the E-prime software package (Schneider et al., 2007). It ran on the 
same computer as the R-Span Task and O-Span Task. In the emotional 2-back task, 
words were presented sequentially and participants had to judge whether the current 
word was identical (match trial; e.g. … flower - closet - water - closet) or different 
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 (mismatch trial; e.g. … flower - death - water - closet) to the word presented two steps 
before, by pressing “G” or “H” respectively. Each word was presented for 1000 ms in 
the center of the screen with an interstimulus interval of 1000 ms. The task consisted of 
six blocks, each containing 47 words. The order of the blocks was randomized, but 
within the blocks there was a fixed random design, to ensure sufficient observations of 
the word combinations of interest. The blocks were preceded by a training block of 15 
words that was excluded in further analyses. All words were taken from the Dutch 
affective word norms database (Moors et al., 2013) of which 214 were neutral (mean 
valence rating), 33 positive (> 3 SD above mean valence rating) and 35 negative (> 3 SD 
below mean valence rating). All words scored average on arousal and power ratings and 
had one or two syllables.  
Because the original task by Levens and Gotlib (2010) was too time-consuming 
to include in the study design, only the most relevant trial types were retained to 
reduce the number of trials. More specifically this experiment only examined lure trials 
(Jonides & Nee, 2006; Szmalec, Verbruggen, Vandierendonck, & Kemps, 2011). This is a 
mismatch trial in which not the relevant word (two positions before) but the word one 
(n-1 lure trial; e.g. … flower - water - death - death), three (n+1 lure trial; e.g. … death - 
water - flower - death) or four (n+2 lure trial; e.g. … death - grass - water - flower - death) 
positions before is identical to the current word. These lure trials are a measure of 
interference of positive versus negative words in the continuous updating process. In 
other words, n+1 and n+2 lure trials measure the interference of no longer relevant 
information, while the n-1 lure trial measures the interference of not yet relevant 
information. 
In sum, 89 match and 181 mismatch trials were presented. The first two trials of 
each block did not require a response. Both reaction time and accuracy of each 
response were recorded. For every lure trial type, a difference in mean reaction time 
between negative and positive lure trials could be calculated, indicating the difference 
between interference of positive and negative information. 
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 Dual n-back, sound 1-back and position 1-back 
All tasks used during the one week training period were identical to the tasks 
described in the method section of experiment 1. 
Questionnaires 
Next to the BDI-II and RRS, that were identical to the versions described in 
experiment 1, the Dutch translations of the Positive Beliefs about Rumination Scale 
(PBRS) (Papageorgiou & Wells, 2001b; Roelofs, Huibers, Peeters, Arntz, & van Os, 2010) 
and the Negative Beliefs about Rumination Scale (NBRS) (Papageorgiou & Wells, 2001a; 
Roelofs et al., 2010) were administered. The PBRS is a nine item questionnaire assessing 
positive metacognitive beliefs about the possible benefits of rumination, while the NBRS 
is a 13 item questionnaire assessing negative metacognitive beliefs about rumination. 
The NBRS consist out of two subscales, an eight item subscale that assesses 
metacognitive beliefs about uncontrollability and harm associated with rumination and 
a five item subscale that assesses metacognitive beliefs about interpersonal and social 
consequences of rumination (Papageorgiou & Wells, 2003). Both questionnaires are 
scored on a four-point Likert scale ranging from 1 (do not agree) to 4 (agree very much). 
Procedure 
Most procedural elements were kept similar to Experiment 1 to allow 
comparison. Participants were given limited instructions about the purpose of the study. 
They were told their participation consisted out of a six day homework computer task, 
preceded and followed by three computer tasks in the lab and some questionnaires. All 
participants provided their written informed consent to participate in this study. At 
pretest, the R-Span Task, O-Span Task and emotional 2 back task were administered 
after completing the informed consent form. The BDI-II, RRS, NBRS and PBRS had to be 
completed the same day. Participants were randomly allocated to the dual n-back 
training condition or single 1-back control condition. Within the control-training 
condition, participants were randomly allocated to either the position or the sound 1-
back control training. Participants in the position and sound 1-back condition were 
combined to one single 1-back control condition. After exactly one week of daily 
training, both computer tasks and questionnaires were administered at posttest. Finally, 
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 two weeks after posttest, the questionnaires were completed as follow-up. At the end 
of this follow-up, participants were debriefed about the purposes of this experiment. 
This experiment was approved by the ethics committee of the Faculty of Psychology and 
Educational Sciences, Ghent University. 
Statistical analyses 
Associations between computer task scores and questionnaires were inspected 
using Pearson correlations. To test for baseline differences between groups, a set of one 
way ANOVAS was executed with group as independent variable. The effect of training 
was tested using a mixed ANOVA design for each outcome variable, with time as within 
subject factor and group as between subject factor. To test for the effect of beliefs 
about rumination, both positive and negative beliefs about rumination were added as 
covariates to the mixed ANOVAS with rumination scores as outcome. Next, the mixed 
ANOVAS were performed in a subgroup with relatively high negative beliefs about 
rumination. 
Results 
Baseline correlations 
Correlations between the baseline computer tasks and questionnaires are 
presented in table 5. Running and operation span scores were significantly correlated. 
However, only operation span score was correlated with ruminative brooding. The 
emotional 2-back variables were not significantly correlated with the other computer 
tasks or questionnaires, except for the n+2 lure difference score that was negatively 
correlated with BDI-II score. BDI-II score was correlated with RRS brooding score and 
positive beliefs about rumination. RRS total score was correlated with both RRS factors 
and both positive and negative beliefs about rumination. Brooding score was correlated 
with negative beliefs about rumination and reflection score was correlated with both 
positive and negative beliefs about rumination. Finally, positive and negative beliefs 
about rumination were correlated. 
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Table 5  
Pearson correlations between baseline variables 
 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
(1) R-Span Task 
score 
- .433
**
 .196 .016 .006 -.178 .273 .298 .084 -.037 -.068 
(2) O-Span Task 
score 
 - -.075 -.017 -.025 -.102 .281 .343
*
 .214 .001 -.151 
(3) Lure n-1 diff.   - .259 -.235 .241 -.014 .003 .069 -.017 .055 
(4) Lure n+1 diff.    - -.023 -.016 -.177 -.220 .095 -.183 .093 
(5) Lure n+2 diff.     - -.298
*
 -.026 -.033 -.080 -.133 -.108 
(6) BDI-II total      - .188 .298
*
 .092 .273 .376
*
 
(7) RRS total       - .826
**
 .551
**
 .532
**
 .460
**
 
(8) RRS brooding        - .230 .379
*
 .209 
(9) RRS reflection         - .363
*
 .382
**
 
(10) NBRS          - .406
**
 
(11) PBRS           - 
Note. 
* p < .05. ** p < .01
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 Baseline group differences 
Independent sample t tests indicated that mean age, R-Span Task, emotional 2-
back, BDI-II, RRS, NBRS and PBRS scores were not significantly different between the 
dual n-back and single 1-back3 control condition (all ts < 1.9) at pretest. Also gender 
ratio did not differ between conditions, χ²(1, N = 45) = 0.009, p = .926 (see table 2). 
However, the dual n-back group had a significantly higher pretest O-Span Task score (M 
= 47.33, SD = 16.48) than the single 1-back control group (M = 35.88, SD = 18.41), t(43) = 
2.187, p = .034, Cohen’s d = 0.68. 
Dual n-back training performance 
During the six day training, the performance of the adaptive dual n-back training 
group improved significantly. The average daily maximum n-level increased gradually 
from 3.00 (SD = 0.71) at day one to 4.38 (SD = 0.97) at day six, t(20) = 5.66, p < .001, 
Cohen’s d = 1.62 (see figure 4). The increase in maximum n-level was not significantly 
correlated with the difference scores (post- minus pre-training score) for the R-Span, 
emotional 2-back, RRS and BDI-II, all p’s >.17. There was however a marginally 
significant correlation between dual n-back improvement and O-span difference score, r 
= .415, p = .061, indicating larger training gains are marginally associated with a larger 
increase in O-span performance. 
3 Sound 1-back and position 1-back participants were collapsed after data exploration indicated 
no differences for all analyses
143
Chapter 4: Training working memory to reduce rumination and depressive symptoms
 Figure 4  
Dual n-back progress with 95% confidence intervals 
 
Analyses of transfer effects 
All task and questionnaires score are presented in Table 6. 
Running Span Task 
A 2 x 2 mixed ANOVA was performed with R-Span Task score as dependent 
variable, time (pretraining and posttraining R-Span Task score) as within-subjects factor 
and training condition (dual n-back or single 1-back) as between-subjects factor. As 
expected there was a main effect of time, F(1, 43) = 8.42, p = .006, η² = .16, indicating a 
better performance at posttraining (M = 21.71, SD = 0.99) compared to pretraining (M = 
19.15, SD = 0.86). The difference between both training groups over time was non 
significant, F(1, 43) = 0.40, p = .532, η² = .009 and we failed to find the hypothesized 
two-way interaction between time and training condition, F(1, 43) = 0.04, p = .836, η² 
= .001. In sum, the increase in R-Span Task performance did not differ significantly 
between groups. Controlling for baseline BDI-II and RRS scores did not alter the results. 
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Table 6 
Computer task and questionnaire scores for T1, T2 and T3 
 Pre-training (T1)  Post-training (T2)  Follow-up (T3) 
 Dual n-back Single 1-back  Dual n-back Single 1-back  Dual n-back Single 1-back 
R-span 19.76 (5.94) 18.54 (5.63)  22.14 (5.93) 21.29 (7.27)  - - 
O-span 47.33 (16.48) 35.88 (18.41)  54.95 (12.77) 44.71 (15.71)  - - 
Emotional 2-back         
Lure n-1 diff. (ms) 0 (211) 38 (224)  1 (187) -17 (88)  - - 
Lure n+1 diff. (ms) 46 (187) 130 (181)  26 (159) 35 (109)  - - 
Lure n+2 diff. (ms) 2 (176) 14 (208)  28 (118) 9 (152)  - - 
BDI-II 5.58 (4.65) 4.82 (4.62)  6.21 (4.42) 4.32 (4.11)  6.74 (6.58) 3.95 (4.49) 
RRS total  43.95 (11.64) 37.45 (10.31)  44.37 (11.09) 36.73 (9.37)  45.37 (13.78) 36.09 (9.99) 
RRS brooding 10.95 (3.69) 8.64 (2.82)  10.68 (3.54) 8.41 (2.38)  11.32 (4.07) 8.59 (3.05) 
RRS reflection 9.00 (3.58) 7.55 (2.26)  8.68 (3.47) 7.77 (2.56)  8.84 (3.44) 7.45 (2.24) 
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 Operation Span Task 
A 2 x 2 mixed ANOVA was performed with O-Span Task score as dependent 
variable, time (pretraining and posttraining O-Span Task score) as within-subjects factor 
and training condition (dual n-back or single 1-back) as between-subjects factor. As 
expected there was a main effect of time, F(1, 43) = 13.57, p = .001, η² = .24, indicating a 
better performance at posttraining (M = 49.83, SD = 2.15) compared to pretraining (M = 
41.60, SD = 2.15). Regardless of time, the training group (M = 51.14 , SD = 3.10) had a 
significantly higher O-Span Task score than the control group (M = 40.29, SD = 2.90) , F(1, 
43) = 6.54, p = .014, η² = .132. Finally, we failed to find the expected two-way 
interaction between time and training condition, F(1, 43) = 0.074, p = .787, η² = .002. So 
the increase in O-Span Task performance did not differ significantly between groups. 
Controlling for baseline BDI-II and RRS scores did not alter the results.  
Emotional 2 back 
A 2 x 2 mixed ANOVA was performed with the difference between mean 
reaction time for negative and positive n-1 lure trials as dependent variable, time 
(pretraining and posttraining) as within-subjects factor and training condition (dual n-
back or single 1-back) as between-subjects factor. There was no significant effect of 
time, F(1, 41) = 0.41, p = .526, η² = .010, or training group, F(1, 41) = 0.070, p = .793, η² 
= .002. Also the expected two way interaction between time and group was not 
significant, F(1, 41) = 0.42, p = .523, η² = .010. 
The same analysis was repeated with the difference between mean reaction 
time for negative and positive n+1 lure trials as dependent variable. Similar to the 
previous analysis, no significant main effect of time, F(1, 41) = 2.74, p = .106, η² = .063, 
training group, F(1, 41) = 1.78, p = .190, η² = .042, or time by group interaction effect, 
F(1, 41) = 1.17, p = .285, η² = .028, was found. 
Comparable results were found when using the difference between mean 
reaction time for negative and positive n+2 lure trials as dependent variable. No 
significant main effect of time, F(1, 42) = 0.86, p = .771, η² = .002, training group, F(1, 42) 
= 0.011, p = .918, η² = .000, or time by group interaction effect, F(1, 42) = 0.164, p = .688, 
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 η² = .004, was found. Controlling for baseline BDI-II and RRS scores did not alter the 
results.  
Ruminative Response Scale 
A 3 x 2 mixed ANOVA was performed with RRS total score as dependent variable, 
time (pretraining, posttraining and follow-up) as within-subjects factor and training 
condition (dual n-back or single 1-back) as between-subjects factor. Because sphericity 
could not be assumed, the F ratio was obtained applying the Huynh-Feldt correction 
(Huynh & Feldt, 1976). No main time effect, F(1.87, 72.84) = 0.029, p = .972, η² = .001, 
was found. However, the dual n-back group had a significantly higher score (M = 44.56, 
SD = 2.44) than the single 1-back control group (M = 36.758, SD = 2.26), F(1, 39) = 5.508, 
p = .024, η² = .124. No group by time interaction was found, F(1.87, 70.68) = 1.475,  
p = .236, η² = .036. 
The same analysis was performed with the brooding factor as dependent 
variable. A significant main effect of group was found, F(1, 39) = 6.39, p = .016,  
η² = .141 (dual n-back M = 10.98, SD = 0.71; single 1-back M = 8.55, SD = 0.66) but there 
was no significant time, F(2, 78) = 0.938, p = .396, η² = .023, or time by condition 
interaction effect, F(2, 78) = 0.349, p = .706, η² = .009. 
Using the reflection factor as dependent variable, no time, F(2, 78) = 0.198, p 
= .821, η² = .005, group, F(1, 39) = 1.975, p = .168, η² = .048, or time by group 
interaction effect, F(2, 78) = 1.092, p = .341, η² = .027, was found. Controlling for 
baseline BDI-II score did not alter the results. 
Effects of negative and positive beliefs about rumination 
Adding negative and positive beliefs about rumination as covariates did not alter 
the crucial interactions in the mixed ANOVAS with rumination scores as outcome.  
In a next step, median split was used to select participants with a relatively high 
pre training total NBRS score. In this subgroup, 13 participants received the dual n-back 
training, and 10 participants received a single 1-back control training. 
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 A 3 x 2 mixed ANOVA was performed with RRS total score as dependent variable, 
time (pretraining, posttraining and follow-up) as within-subjects factor and training 
condition (dual n-back or single 1-back) as between-subjects factor. No main time effect, 
F(2, 38) = 0.310, p = .736, η² = .016 was found. The dual n-back group had a significantly 
higher score (M = 50.75, SD = 2.48) than the single 1-back control score (M = 41.33, SD = 
2.86), F(1, 19) = 6.196, p = .022, η² = .246, but no group by time interaction, F(2, 38) = 
1.824, p = .175, η² = .088, was found.  
The same analysis was performed with the brooding factor as dependent 
variable. A significant main effect of group was found, F(1, 19) = 7.11, p = .015, η² = .272 
(dual n-back M = 12.67, SD = 0.87; single 1-back M = 9.11, SD = 1.01), but there was no 
significant time, F(2, 38) = 0.809, p = .453, η² = .041, or time by condition interaction 
effect, F(2, 38) = 0.582, p = .563, η² = .030. 
Using the reflection factor as dependent variable, no time, F(2, 38) = 0.633,  
p = .537, η² = .032, group, F(1, 19) = 0.193, p = .665, η² = .010, or time by group 
interaction effect, F(2, 38) = 1.039, p = .363, η² = .052, was found. Controlling for 
baseline BDI-II score did not alter the results. 
Beck Depression Inventory II 
Because BDI-II scores were not normally distributed, a logarithmic 
transformation was performed after increasing the scores with one point to avoid zero 
values. A 3 x 2 mixed ANOVA was performed with BDI-II total score as dependent 
variable, time (pretraining, posttraining and follow-up BDI-II score) as within-subjects 
factor and training condition (dual n-back or single 1-back) as between-subjects factor. 
Neither a main time effect, F(2, 78) = 0.17, p = .844, η² = .004, main effect of group, F(1, 
39) = 2.199, p = .146, η² = .053, nor interaction between time and condition, F(5, 113.34) 
= 1.565, p = .216, η² = .039 was found.  
Discussion 
Comparable to experiment 1, no differences between the dual n-back training 
group and the control group were found. Adapting the set of working memory tasks did 
not change the outcome of the experiment. Furthermore, no differential training effects 
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 on rumination scores were found for the subgroup scoring high on negative beliefs 
about rumination. Possible explanations for the failure to find training effects are 
discussed below. 
General Discussion 
In the present study, we examined the effects of a working memory training on 
working memory functioning and depressive symptoms, in particular rumination. The 
motivation for this study was twofold. First, using a cognitive bias modification 
approach, the causality of the association between working memory, rumination and 
subclinical depressive symptoms was examined. To expand our knowledge about 
factors that causally contribute to the onset or maintenance of depression, this kind of 
experimental research is required. Second, this study provides further insights in the 
clinical utility of online working memory training in reducing levels of rumination and 
depressive symptoms. 
The results of both experiments did not confirm our three main hypotheses. 
There was no difference in the evolution of (1) non-emotional and (2) emotional 
working memory performance and (3) rumination and depression scores, regardless of 
metacognitive beliefs about rumination between the experimental dual n-back group 
and the control groups after one week of training. In other words, the gain in dual n-
back performance did not transfer to our outcome measures. In terms of the cognitive 
bias modification approach, no evidence was found for a clear causal role of working 
memory. These results also show no evidence to use one week of dual n-back training 
as a real life intervention. 
Before drawing further conclusions on these results, it is important to start 
considering the validity and reliability of these null-findings. There are several features 
of the present study that attest to its validity. First, the present study used an 
experimental design in which all participants were randomly assigned to either the 
experimental, active control or passive control condition. Second we used a training 
task that has proven to be effective (Jaeggi et al., 2008) and only included participants 
who performed this training the required number of times. Third, a set of validated 
working memory tasks, each tapping into another aspect of working memory, and 
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 questionnaires were used as outcome measures, which has been considered as one of 
the crucial methodological desiderata in this type of research (Shipstead et al., 2012). 
Furthermore, reliability is demonstrated by obtaining the same findings in experiment 1 
and 2. 
Several explanations could account for the absence of effects of working 
memory training. As already mentioned, finding meaningful transfer effects is one of 
the key challenges of working memory training research (Morrison & Chein, 2011; 
Owen et al., 2010; Shipstead et al., 2010, 2012). Moreover in this study the number of 
training sessions was confined to 6 days of twenty minutes working memory training. 
This might be too limited to find measurable transfer effects. The number of training 
days in the study of Jaeggi et al. (2008) ranged from 8 to 19, and they only found 
transfer effects to fluid intelligence measures after 17 days of training. This indicates 
that transfer effects depend on the dosage of the training. However, the number of 
days required to obtain transfer to fluid intelligence cannot be generalized to the 
number of days required to find transfer to working memory functioning with non-
emotional and emotional information and depression and rumination measures. For 
instance, in the study by Owens et al. (2013) transfer on a cognitive task (tapping into 
visual working memory) was observed after eight training sessions. 
A major methodological issue in training studies is the use of an adequate 
control group (Shipstead et al., 2010, 2012). Especially there has been criticism on 
previous studies where an active control group was lacking. Therefore, we opted to 
include in each experiment an active control task that only differed in the load imposed 
on working memory. One can argue that possible training effects were masked because 
this active control training also improved working memory processes. Therefore the 
analyses in Experiment 1 were repeated comparing the dual n-back training with each 
control group separately, which did not change the results. Moreover, previous work 
also indicated that differences can be observed between the dual n-back training and 
the 1-back control task that was used (Owens et al., 2013). 
Another important issue to consider is statistical power. Based on the large 
effect size (Cohens’ d = 0.9) found in the study of Owens et al. (2013) using the same 
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 training task, we calculated the sample size needed to demonstrate an effect with a 
similar effect size using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007). This analysis 
indicated that a total sample size of 21 for every condition is required with α = .95 and  
β = .80. In both studies, this minimum is obtained, so the current null-findings cannot be 
attributed to a lack of power. 
What to make of the current null-findings? It is noteworthy to mention that 
there is quite an extensive number of studies that have failed to observe any benefits 
from working memory training in healthy, non-clinical samples (Shipstead et al., 2012). 
This contrasts with other studies where working memory training has been successful in 
individuals with higher levels of psychopathology. For instance, in the study by Owens 
et al. (2013) participants were selected on high levels of depressive symptoms. Another 
study found that working memory training has beneficial effects in alcoholism (Houben 
et al., 2011). In this study, participants were selected on heightened rumination scores. 
However, the samples still consisted out of high-level university students. In this specific 
sample, there was a lack of correlations between working memory task performance 
and rumination scores at baseline. Hence, it may be that working memory training is 
only capable of improving cognitive functioning and psychopathology if there are severe 
cognitive impairments at the onset. Therefore, the current null findings are crucial in 
determining the conditions when training is and is not effective. Therefore, training 
studies using clinical samples with a clear presence of cognitive impairments are needed. 
In relation to rumination, we need to be cautious in concluding that working 
memory processes play no causal role in rumination and depressive symptoms. 
Provided that no transfer of training was found to the cognitive processes underlying 
rumination, we were unable to investigate the effect of improved cognitive functioning 
on the tendency to ruminate. Lack of transfer could be due to the training having no 
substantial effect in a non-clinical group with only mild cognitive symptoms of 
depression. 
One interesting direction for future research would be to examine whether 
emotional variants of n-back training have more effect on changing affective working 
memory processes and rumination. In this domain, the work of Schweizer, Hampshire, 
151
Chapter 4: Training working memory to reduce rumination and depressive symptoms
 and Dalgleish (2011) is interesting where they showed that only an emotional variant 
and not the standard version of the dual n-back training led to transfer effects on 
affective emotional processing. In a recent study Schweizer, Grahn, Hampshire, Mobbs, 
and Dalgleish (2013) demonstrated that compared to a placebo control training, 20 days 
of emotional dual n-back training resulted in improved emotion regulation. 
Furthermore, fMRI measures indicated that this improvement was associated with 
increased activation of brain regions involved with mood regulation. 
There are some limitations to the present study. In both experiments we used an 
undergraduate sample with heightened rumination scores and a majority of female 
participants. Therefore results might not be generalizable to a community or clinical 
sample. University students may be characterized by relatively good cognitive 
functioning, which might make it more difficult to obtain a substantial gain in cognitive 
performance due to ceiling effects. Second, the number of training days was limited to 
six. Increasing the duration and/or intensity of the training might lead to measurable 
transfer effects. Third, there were no pre- and posttraining measures of dual n-back 
performance. Therefore we could not monitor if the low intensity training also led to 
improvements. However, we specifically decided not to include pre- and post-measures 
of dual n-back performance, because we rather wanted to examine transfer effects and 
we did not want to expose the control group to multiple dual n-back task 
administrations (that could potentially also improve their working memory 
performance). Finally, even though we tried to use valid paradigms, it is possible that 
the current set of working memory tasks does not capture the affected working 
memory processes in high ruminators sufficiently. Alternative tasks, measuring different 
aspects of working memory functioning might lead to other results. 
In sum, the current study failed to find evidence for transfer effects of a six day 
non-emotional dual n-back training on emotional and non-emotional working memory 
performance, and measures of rumination and depressive symptoms. Recent studies 
express the need for methodologically sound research to demonstrate transfer of 
training effects and the mechanisms underlying this transfer. Moreover, interesting 
results have been found using an emotional variant of working memory training. 
Therefore we hope that this study invites to further investigate the possibility of a 
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 working memory training paradigm that directly targets the processing of emotional 
information in a population with a cognitive vulnerability for depression. 
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GENERAL DISCUSSION  
 
In the past decade, several studies found evidence for an interesting link 
between working memory functioning and depressive symptoms. Next to general 
performance impairments during a depressive episode (Doumas, Smolders, Brunfaut, 
Bouckaert, & Krampe, 2012; Gohier et al., 2009; Harvey, 2004; Rose & Ebmeier, 2006), 
particular difficulties with the processing of emotional, and especially negative 
information, have been found (Gotlib & Joormann, 2010). More specifically, depressed 
people have been observed to experience more difficulties to remove (Joormann & 
Gotlib, 2008), update (Levens & Gotlib, 2010), manipulate (Joormann, Levens, & Gotlib, 
2011), or shift (De Lissnyder, Koster, Derakshan, & De Raedt, 2010) between negative 
information in working memory. In sum, these difficulties to remove or control negative 
information in working memory can sustain negative thoughts by preventing more 
positive or neutral alternative information from entering working memory because of 
its limited capacity. These disturbed cognitive processes can be observed mostly during 
ruminative thinking, a response style strongly linked to depression, that can be defined 
as the repetitive thoughts focused on causes, consequences, and meanings of one’s 
negative mood state (Nolen-Hoeksema, 1991; Nolen-Hoeksema, Wisco, & Lyubomirsky, 
2008). Therefore, rumination is, apart from the general symptoms of depression, a key 
variable of interest when investigating the association between working memory and 
depression. 
Despite these interesting findings, little is known about the causality of the 
association between working memory processes and depression. It is possible that a 
depressed state depletes working memory resources, and thus working memory 
impairments can be seen as a mere consequence or side effect of depression. 
Alternatively, pre-existing working memory deficits could be seen as a aetiological 
factor in the development, maintenance or recurrence of depression. In the latter case, 
disturbed working memory processes could be a predictor for future depression risk 
and a potential target for the treatment or (relapse) prevention of depression. In order 
to specifically investigate the direction of effects in the association between working 
memory and depression, an experimental approach is required (Koster, Fox, & MacLeod, 
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 2009), in which biased working memory functioning is manipulated, as the presumed 
causal factor, and the effect on depressive symptoms, as presumed outcome, is 
monitored. 
The main goal of this PhD project was to elucidate the nature of the link 
between working memory processes and depressive symptoms. Using a stepwise 
approach, a series of studies were conducted within three research lines. First, we 
cross-sectionally investigated if a link between subclinical depressive symptoms and 
specific difficulties to update negative information in working memory could also be 
found in a healthy sample and thus subtle working memory impairments could be 
present without fully developed depressive symptoms. Next, using a longitudinal design, 
we investigated if processing efficiency of non-emotional as well as emotional 
information in working memory could predict the course of rumination and depressive 
symptoms in response to stress during the examination period and at long term follow-
up. Finally, the actual causality hypothesis was experimentally tested using the dual n-
back training paradigm (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008) as manipulation of 
working memory functioning. 
Summary of the main findings 
In chapter one, we provided a theoretical framework for the following empirical 
chapters and thoroughly reviewed literature on impaired cognitive control processes in 
working memory, such as updating, inhibition and switching (Miyake et al., 2000) in 
relation to depression. Furthermore we elaborated on the possibilities of working 
memory training to improve working memory functioning, but also related constructs 
such as intelligence (Jaeggi et al., 2008) or clinical outcomes (Klingberg, Forssberg, & 
Westerberg, 2002; Siegle, Ghinassi, & Thase, 2007). However, several methodological 
concerns were addressed, potentially threatening the validity of the initially promising 
results. More specifically, researchers tend to consider change in one single task as a 
general change in the underlying ability. Often, this task is closely related to the training 
task (near transfer), while transfer to different task should be observed to demonstrate 
a meaningful gain in working memory performance. Moreover improvement in working 
memory is often assessed using simple span tasks, that are indicators of short term 
164
General discussion
 memory, rather than complex information processing in working memory. Finally, 
several studies have been conducted without an adequate control group (Shipstead, 
Redick, & Engle, 2010, 2012). Furthermore, a large scale and methodologically sound 
training study failed to find transfer effects (Owen et al., 2010). Nevertheless, despite 
these methodological issues, several studies found interesting results with regard to 
depression. Cognitive control training (including a working memory training component) 
added to treatment as usual seemed to improve clinical outcome of depressed patients 
(Siegle et al., 2007; Siegle et al., in press). Furthermore, using the dual n-back training in 
a dysphoric sample, Owens, Koster, and Derakshan (2013) demonstrated improvements 
in working memory capacity and filtering efficiency and an emotional variant of the dual 
n-back training specifically improved processing of emotional information in a healthy 
sample (Schweizer, Grahn, Hampshire, Mobbs, & Dalgleish, 2013; Schweizer, Hampshire, 
& Dalgleish, 2011). 
In the cross-sectional research line described in chapter two, we investigated if 
proactive interference of previously relevant emotional, and especially negative 
information, in working memory on the processing of new information was related to 
rumination or subclinical depressive symptoms in a healthy student sample. 
Unfortunately, no univocal evidence was found for this association, indicating that mild 
variants of the impairments observed in a depressed sample (Joormann & Gotlib, 2008) 
could not be identified in a non-depressed participants with mild symptoms of 
depression. However, based on these null-results, one cannot simply decide that the 
hypothesized association is non-existent. The newly developed proactive interference 
task could be insufficiently sensitive to detect the targeted working memory processes, 
or statistical power was too low to reveal the subtle associations. Alternatively, it is 
possible that in a healthy sample, working memory impairments are not currently 
associated with subclinical depressive symptoms, but are able to predict the future 
onset of depressive symptoms. 
Hence, a longitudinal design was used in the third chapter to test whether 
performance on two different working memory tasks, assessing if the processing of non-
emotional as well as emotional information in working memory, could predict future 
ruminative responses and depressive symptoms during the four week examination 
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 period (a stressful period for most students) and at 12 and 18 month follow-up. We 
were able to demonstrate that better performance on the operation span task (Turner 
& Engle, 1989) predicted a larger decrease in rumination during the four-week 
examination period. Nevertheless, the majority of the hypothesized baseline and 
longitudinal associations could not be confirmed, so only limited evidence for the 
predictive value of working memory functioning was provided. Possibly, the participants 
did not experience the examination period as very stressful, resulting in a relatively low 
number of reported stressors and potentially blurring the hypothesized associations. 
Furthermore, assessment of the experience of stressors, rumination, and depressive 
symptoms was limited to questionnaires. Alternative indicators such as visual analog 
scales or ecological momentary assessment (e.g., Pe et al., 2013) could be more 
adequate to measure week to week changes. 
In the final chapter, the actual causality hypothesis was tested in two related 
experiments. We opted for the dual n-back training task (Jaeggi et al., 2008) as 
experimental manipulation of working memory functioning because of the task’s 
promising results, extensive validation, and constant taxing of updating processes in 
working memory. Using participants preselected on relatively high rumination scores, 
we tested whether a six day working memory training could improve working memory 
functioning, and if this would be accompanied by a decrease in ruminative thinking and 
depressive symptoms. According to the methodological recommendations discussed in 
chapter one, the effects in the experimental group were compared to an adequate 
control group, performing a single 1-back task very similar to the training task, but 
putting a minimal load on working memory. Furthermore, near transfer to working 
memory performance was assessed using multiple well-validated working memory tasks, 
measuring different aspects of working memory functioning, with emotional as well as 
non-emotional stimuli. Moreover, in the second experiment we additionally controlled 
for metacognitive beliefs about rumination (Papageorgiou & Wells, 2001) to investigate 
if improvements in working memory could paradoxically enhance ruminative thinking if 
rumination is considered helpful.  
In spite of this methodological rigidity and a significant increase in dual n-back 
performance in the training group, no differences between the training and control 
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 group were found, indicating the gain in training task performance did not transfer to 
the outcome working memory tasks or rumination and depression measures. Several 
explanations could account for the lack of transfer. As discussed in chapter one, finding 
transfer to relevant outcomes is one of the key challenges of all training studies. It is 
possible that six days of training was too limited to cause measurable transfer effects. 
Furthermore, even though participants were selected on high rumination, they were all 
high functioning university students, and therefore, there might have been too little 
room for cognitive improvement by training. Based on the recent research of Schweizer 
et al. (2011; 2013), using an emotional variant of the dual n-back training, specifically 
training the processing of emotional information, might be the most promising direction 
for future training research. 
Theoretical implications 
Using a combination of cross-sectional, longitudinal and experimental designs, 
this PhD project aimed to provide a valuable contribution to the theoretical knowledge 
on working memory functioning and depression risk. The main goal was to test the 
hypothesized causality of the previously demonstrated association between working 
memory impairments and depressive symptoms (e.g., Joormann & Gotlib, 2008; 
Joormann et al., 2011; Levens & Gotlib, 2010). In sum, results obtained in this project 
did not confirm the causality hypothesis. Furthermore, no clear evidence was found for 
a cross-sectional and longitudinal association between working memory functioning and 
depressive symptoms. Thus, working memory impairments do not seem to be a stable 
risk factor for depression. However, based on these recurrent null-results, we cannot 
simply exclude a meaningful role for working memory processes in the mechanisms 
leading to depression, but we have to conclude that, for now, the causality question 
remains open. 
Across all studies, we used a variation of working memory tasks and stimuli, 
focusing on different aspects of cognitive control and information processing in working 
memory. This indicates that there is no general, omnipresent, working memory deficit 
in people at risk for depression, but rather very specific processes that are affected 
when processing specific emotional stimuli. Consequently, using a working memory 
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 training that targets these particular processes using the appropriate stimuli, in 
combination with an accurate manipulation check of these processes, could potentially 
reveal the specific causal mechanism by which information processing in working 
memory contributes to the development of depressive symptoms. The work of 
Schweizer et al. (2011; 2013), in which an emotional dual n-back training improved 
cognitive control over affective material and emotion regulation, is a valuable first step 
in this direction. 
Next, we must recognize that even though the symptoms of depression are 
clearly delineated (American Psychiatric Association, 2000, 2013), the particular 
constellation and expression of symptoms can be very heterogeneous. The same holds 
for the developmental pathways leading to depression. Numerous biological, cognitive, 
situational, personal, and interpersonal factors contributing to the aetiology of 
depression have been identified (see Dobson & Dozois, 2008). The presence and 
interaction of these factors varies across people suffering from depression. Presumably, 
impaired working memory functioning is only a principal causal factor in a specific 
subset of depressed people. Hence, research on working memory training in depression 
should be able to identify the people exhibiting these specific impairments to 
subsequently aim the training interventions at this subgroup. 
In sum, this project did not lead to straightforward conclusions in favour of 
working memory processes as an aetiological factor in the development of depression. 
It hopefully did refine the theoretical framework on working memory and depression by 
expanding the knowledge about the conditions under which working memory 
impairments can or cannot be observed, and can or cannot be successfully targeted by 
training interventions. Despite several promising results of studies demonstrating the 
link between working memory impairments and depression (e.g., De Lissnyder, Koster, 
& De Raedt, 2012; Joormann & Gotlib, 2008; Joormann et al., 2011; Levens & Gotlib, 
2010), and the possibilities of working memory training to target information processing 
in depression (Owens et al., 2013; Schweizer et al., 2013; Schweizer et al., 2011; Siegle 
et al., 2007; Siegle et al., in press), the pattern of results in the current project indicates 
that there is no broad impairmentin all people at risk for depression. 
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 Clinical implications 
Given the high prevalence, symptom severity and high relapse rate of depression, 
the development of an effective and user-friendly application of computerized working 
memory training is an important challenge. Because an online platform providing 
working memory training would be easy accessible for a large target group, cost-
efficient it could complement existing treatments or (relapse) prevention programs. 
Furthermore, the health care professional could monitor the day-to-day progress, and 
intervene when worsened performance could indicate relapse. As discussed in chapter 
one, a thoroughly validated working memory training could be beneficial for different 
stages of depression. For people at risk for depression, training could potentially reduce 
ruminative thinking, that is associated with various aspects of depression risk (Nolen-
Hoeksema et al., 2008). During acute depression, improving working memory processes 
could facilitate the verbal transmission of information from therapist to patient. 
Furthermore, online accessibility could provide a low threshold for populations that are 
difficult to reach by health services or patients that are on a waiting list. Finally, in 
remitted depressed patients, there is still a high recurrence risk. Working memory 
training could help to reduce the cognitive impairments that have been found to form a 
risk factor for relapse (Demeyer, De Lissnyder, Koster, & De Raedt, 2012).  
Nevertheless, more research is required to investigate if the magnitude of the 
training effects that have been found in recent studies is sufficient to obtain sustainable 
and clinically relevant transfer effects. Next, we need to determine for which subgroup 
of patients or people at risk for depression, and under which circumstances working 
memory training is most beneficial. In addition, the particular processes that are 
affected in working memory need to distinguished more specifically, in order to develop 
a training that explicitly targets these processes. Furthermore, the optimal frequency, 
intensity and duration of working memory training as a real life intervention need to be 
determined, and long term effects need to be monitored. 
Finally, in currently depressed patients, working memory training needs to be 
applied with caution, and under the supervision of a health care professional. Due to 
constant taxing of working memory, training could be too demanding for severely 
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 depressed patients and could lead to a failure experience and loss of motivation. 
Therefore, if training would be indicated, it has to be adaptively tailored to the day to 
day performance of each participant and needs to provide sufficient reinforcement. 
Therefore a working memory training application could feature several aspects of 
popular computer games or smartphone/tablet apps to make it more appealing. 
Limitations and future research directions 
This project consists of a combination of diverse methodologically sound 
research designs, using relatively large samples and a variety of instruments to assess 
working memory functioning. Nevertheless, several limitations need to be addressed. 
All studies used healthy university students as participants. This could restrict 
generalizability of our findings. It is possible that in this specific population, working 
memory impairments do not play a meaningful role in the development and course of 
depression, while this can be the case in another subset of the general population. 
Concerning the training studies, there might be too little room for improvement in this 
population that is presumed to already have relatively adequate cognitive skills. The 
reason we used a non-clinical population was two-fold. First, working memory 
impairments can be clearly detected in severely depressed samples (Doumas et al., 
2012; Gohier et al., 2009; Harvey, 2004; Rose & Ebmeier, 2006), but meaningful working 
memory biases, that could contribute to the development and maintenance of 
depression could be blurred by the generally affected cognitive performance due to the 
depressed state. Therefore, we wanted to investigate if subtle working memory 
impairments were already associated with mild, subclinical features of depression 
(chapter 2) and if these impairments could predict future symptoms during a stressful 
period (chapter 3). Second, training paradigms such as the dual n-back task are putting a 
maximum load on working. At this stage, this experimental training might not be 
indicated in currently depressed patients until more is know about possible effects and 
side effects of this kind of interventions. Therefore, in our training experiments (chapter 
4) we opted to select participants that were not currently depressed, but scored 
relatively high on rumination. This thinking style is a known risk factor for depression 
(Nolen-Hoeksema et al., 2008) and is closely related to the difficulties to remove 
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 (Joormann & Gotlib, 2008) or replace (Levens & Gotlib, 2010) negative information in 
working memory. Nevertheless, studies using currently or formerly depressed 
participants are indispensable to refine our theoretical knowledge and to explore to 
possibilities of targeting working memory processes as intervention or prevention 
method. Furthermore, subgroups that benefit most from working memory training 
need to be identified. 
Next, it is possible that our experimental manipulation (six days of training, 20 
minutes a day) was too limited to obtain measurable transfer effects. Therefore, future 
studies should administer longer and possibly more intense training periods, to 
investigate if this would cause durable changes in working memory functioning. Similar 
to Jaeggi et al. (2008), a dose-response relationship could then be explored. Finally, 
even though we used a variety of extensively validated (except the newly developed 
proactive interference task in chapter 1) computer tasks assessing different aspects of 
working memory functioning with non-emotional as well as emotional content, it is still 
possible that these tasks did not capture the specific affected working memory 
processes. Therefore, it is important for future research to identify and adequately 
measure these specific processes. Hence, new training studies, and subsequently clinical 
interventions could then screen participants on the presence of these specific impaired 
processes, to examine whether more encouraging effects can be obtained. 
General conclusion 
Several studies show promising results using working memory training in the 
context of depression. Unfortunately, no univocal evidence for cross-sectional, 
prospective, or causal link between working memory functioning and depression was 
found in this research project, suggesting that there is no omnipresent working memory 
dysfunction in all people with, or at risk for depression. Nevertheless, we argue that 
enhancing working memory functioning could prove to be beneficial for a particular 
target group, exhibiting specific impairments in working memory functioning. Therefore, 
continuing this valuable research on the mechanisms underlying the link between 
working memory functioning and depression, and the clinical application of these 
findings is justified. 
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Depressie is één van de meest ernstige en voorkomende psychiatrische 
stoornissen in België (Bonnewyn, Bruffaerts, Vilagut, Almansa, & Demyttenaere, 2007) 
en wereldwijd (Fryers et al., 2004). Naar schatting 8 tot 20% zal ten minste één maal 
een depressieve episode meemaken gedurende de levensloop (Alonso et al., 2004; 
Eaton et al., 2008; Fryers et al., 2004). De voornaamste kenmerken van depressie zijn 
een negatieve stemming en verlies van interesse en plezier in quasi alle activiteiten. 
Daarnaast wordt een depressieve episode gekenmerkt door een combinatie van 
affectieve, cognitieve en somatische symptomen (American Psychiatric Association, 
2000, 2013) en een reëel risico op zelfmoord (Inskip, Harris, & Barraclough, 1998). 
Gezien de ernst van deze symptomen heeft deze stoornis een verregaande impact op 
het dagelijks leven, zowel op persoonlijk, relationeel en professioneel vlak (Kessler et al., 
2006). Ondanks de ontwikkeling van zowel psychologische als farmaceutische 
behandelmethoden, die vooral op korte termijn effect hebben (Dobson et al., 2008) 
blijft de kans op herval hoog (Mueller et al., 1999; Vittengl, Clark, Dunn, & Jarrett, 2007) 
en is er een deel van de patiënten bij wie de behandeling niet aanslaat (Thomas et al., 
2013). Diepgaand onderzoek naar de mechanismen die betrokken zijn in het tot stand 
komen en in stand houden van een depressie, en naar behandelmethoden die hierop 
kunnen inwerken is dus noodzakelijk. 
Werkgeheugen en depressie 
Eén van de meest recente visies op depressie is een multimodaal model, waarbij 
er een dynamische interactie is tussen biologische, interpersoonlijke en psychologische 
kwetsbaarheidsfactoren. Binnen dit kader spelen verstoorde cognitieve processen, zoals 
aandacht (De Raedt & Koster, 2010), geheugen (Raes et al., 2006; Williams et al., 2007) 
en interpretatie (Wisco & Nolen-Hoeksema, 2010) een belangrijke rol. De werking van 
deze cognitieve processen is nauw gerelateerd aan het functioneren van het 
werkgeheugen, dat gedefinieerd kan worden als een systeem met beperkte capaciteit 
voor de tijdelijke opslag van informatie, waarin deze informatie wordt gereguleerd en 
verwerkt (Baddeley & Hitch, 1974; Jonides et al., 2008). Het werkgeheugen speelt een 
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 centrale rol in de informatieverwerking en de cognitieve processen die daarbij 
betrokken zijn en is dan ook betrokken bij verstoringen in deze cognitieve processen die 
typerend zijn voor depressie. Zo werd in verschillende studies aangetoond dat tijdens 
een depressieve episode de prestatie op werkgeheugentaken beduidend slechter is 
(Doumas, Smolders, Brunfaut, Bouckaert, & Krampe, 2012; Gohier et al., 2009; Harvey, 
2004; Rose & Ebmeier, 2006).  
Uit onderzoek naar de specifieke aard van de verstoringen in het werkgeheugen 
die gerelateerd zijn aan depressie blijkt dat er vooral moeilijkheden zijn met het 
verwijderen (Joormann & Gotlib, 2008), updaten (Levens & Gotlib, 2010) en 
manipuleren (Joormann, Levens, & Gotlib, 2011) van negatieve informatie in het 
werkgeheugen. Daarnaast werden ook moeilijkheden vastgesteld bij het wisselen 
tussen verschillende categorieën van emotionele informatie in het werkgeheugen (De 
Lissnyder, Koster, Derakshan, & De Raedt, 2010). Door deze specifieke problemen bij 
het controleren of verwijderen van negatieve informatie blijft negatieve informatie 
langer in het werkgeheugen dan nodig zou zijn voor een efficiënte informatieverwerking. 
Daarnaast wordt het, gezien de gelimiteerde capaciteit van het werkgeheugen 
moeilijker om meer neutrale of positieve alternatieve informatie op te nemen. Deze 
vicieuze cirkel van negatieve informatie kunnen we vooral herkennen in ruminatie, een 
denkstijl die nauw gerelateerd is aan depressie en omschreven kan worden als het 
repetitief focussen op de oorzaken, gevolgen en betekenis van de negatieve 
gemoedstoestand (Nolen-Hoeksema, 1991; Nolen-Hoeksema, Wisco, & Lyubomirsky, 
2008).  
Causaliteit 
De link tussen depressie en verstoorde werkgeheugenprocessen werd dus 
meermaals aangetoond (e.g. Joormann, Yoon, & Zetsche, 2007). Er is echter weinig 
geweten over de specifieke aard van deze associatie. Het is enerzijds mogelijk dat een 
depressieve toestand of veelvuldig rumineren leidt tot een verminderde prestatie op 
werkgeheugentaken (Philippot & Brutoux, 2008). In dat geval zijn verstoringen in het 
werkgeheugen niet meer dan neveneffecten van depressie of rumineren. Anderzijds 
zouden verstoorde werkgeheugenprocessen kunnen beschouwd worden als een reeds 
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 vooraf bestaande risicofactor voor het ontwikkelen van depressie. Hierbij leiden de 
problemen om negatieve informatie of gedachten in het werkgeheugen te vervangen 
door meer positieve informatie tot een bijna continue blootstelling aan deze informatie, 
wat één van de belangrijkste onderliggende processen kan zijn van ruminatie (Joormann 
& D'Avanzato, 2010), wat op zijn beurt een risicofactor is voor negatief affect, 
verminderd probleemoplossend vermogen en uiteindelijk het ontstaan van depressieve 
symptomen (Nolen-Hoeksema et al., 2008). Verder is het ook mogelijk dat een 
bovenliggende factor zowel de verstoringen in het werkgeheugen als de depressieve 
symptomen veroorzaakt. Zowel voor de theoretische kennis over de mechanismen die 
verantwoordelijk zijn voor de ontwikkeling en het verloop van een depressie, als voor 
het ontwikkelen van interventies die inwerken op deze mechanismen is het belangrijk 
om te onderzoeken of werkgeheugenprocessen al dan niet een causale rol spelen in de 
etiologie van depressie. De hierboven beschreven studies, die allen gebruik maakten 
van een cross-sectioneel design zijn echter niet in staat om de causaliteit van de 
vastgestelde associatie na te gaan. Hiervoor is een experimenteel opzet vereist (Koster, 
Fox, & MacLeod, 2009) waarin de veronderstelde causale factor, zijnde 
werkgeheugenfunctioneren gemanipuleerd wordt, terwijl alle andere factoren constant 
gehouden worden, om vervolgens het effect op depressieve symptomen na te gaan.  
Het uiteindelijke doel van dit doctoraatsproject was dan ook het onderzoeken 
van de causaliteit van de associatie tussen werkgeheugenprocessen en symptomen van 
depressie. Hiervoor werden verschillende studies uitgevoerd binnen drie 
onderzoekslijnen. In dit proefschrift wordt elke onderzoekslijn in een afzonderlijk 
hoofdstuk besproken. Deze drie empirische hoofdstukken worden voorafgegaan door 
review waarin een theoretisch kader geschetst wordt en een uitgebreid overzicht 
gegeven wordt van de relevante literatuur. 
De mogelijkheden en beperkingen van werkgeheugentraining bij depressie  
In het eerste hoofdstuk wordt een overzicht gegeven van de literatuur over 
verstoringen in cognitieve processen in het werkgeheugen in relatie tot depressie, 
waaruit blijkt dat er zowel op vlak van inhibitie (Goeleven, De Raedt, Baert, & Koster, 
2006), updaten (Levens & Gotlib, 2010) en switchen (De Lissnyder et al., 2010) 
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 specifieke verstoringen zijn. Vervolgens wordt verder ingegaan op de mogelijkheden 
van werkgeheugentraining, meer bepaald voor het verbeteren van algemeen 
werkgeheugenfunctioneren, maar we willen vooral nagaan of deze effecten ook 
overdraagbaar zijn naar andere uitkomsten. Zo werden bijvoorbeeld effecten gevonden 
van training op maten van intelligentie (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008) of 
op klinische uitkomsten bij kinderen met ADHD (Klingberg, 2007). 
Ondanks deze initieel veelbelovende resultaten zijn er diverse methodologische 
aandachtspunten die de validiteit van de eerdere bevindingen kunnen bedreigen. Zo 
worden de effecten van training meestal maar met één taak aangetoond. Deze taak is 
bovendien vaak zeer nauw gerelateerd aan de training zelf, waardoor er niet zomaar 
kan gesteld worden dat er een verbetering is in de onderliggende processen die 
verantwoordelijk zijn voor de prestatie op de taak. Bovendien wordt er soms geen 
gebruik gemaakt van een geschikte controlegroep, om de effecten in de experimentele 
groep mee te vergelijken (voor een volledig overzicht, zie Shipstead, Redick, & Engle, 
2010, 2012). Specifiek met betrekking tot depressie zijn er echter verschillende studies 
die hoopgevende resultaten opleveren. Zo bleek cognitieve training in combinatie met 
de reguliere behandeling tot betere uitkomsten te leiden dan enkel reguliere 
behandeling bij patiënten met een ernstige depressie (Siegle, Ghinassi, & Thase, 2007; 
Siegle et al., in press). Daarnaast verbeterde werkgeheugentraining de 
werkgeheugencapaciteit en het filteren van visuele informatie bij dysfore 
proefpersonen (Owens, Koster, & Derakshan, 2013), en verbeterde een emotionele 
werkgeheugentraining specifiek het verwerken van emotionele informatie bij gezonde 
proefpersonen (Schweizer, Grahn, Hampshire, Mobbs, & Dalgleish, 2013; Schweizer, 
Hampshire, & Dalgleish, 2011). 
Cross-sectionele studies 
In de eerste empirische onderzoekslijn, die beschreven wordt in hoofdstuk twee, 
gingen we in twee studies na of de invloed van voorheen relevante emotionele 
informatie op de verwerking van nieuwe informatie in het werkgeheugen gerelateerd is 
aan subklinische symptomen van depressie in een niet-klinische steekproef. Hiervoor 
werd gebruik gemaakt van een nieuw ontwikkelde taak, de proactieve interferentie taak, 
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 waarbij emotionele woorden onderling vergeleken moesten worden. Er werd specifiek 
geopteerd voor een niet-klinische populatie om na te gaan of subtiele verstoringen in 
het werkgeheugenfunctioneren reeds kunnen geassocieerd zijn met verhoogde 
ruminatie of subklinische symptomen voor er sprake is van een depressie. In dat geval 
zou dit een aanwijzing kunnen zijn dat de verstoringen in het werkgeheugen meer zijn 
dan een neveneffect van een volledig ontwikkelde depressie. 
Er werden echter geen bewijzen gevonden dat milde varianten van de 
verstoringen geobserveerd bij depressieve patiënten (Joormann & Gotlib, 2008) ook 
gerelateerd waren aan milde, niet-klinische symptomen van depressie. Op basis van 
deze nulresultaten kan echter niet zomaar besloten worden dat de associatie 
onbestaand is. Het is mogelijk dat de nieuwe, nog niet gevalideerde taak de beoogde 
werkgeheugenprocessen niet of onvoldoende meet. Daarnaast is het mogelijk dat 
vooraf bestaande verstoringen in het werkgeheugen enkel gerelateerd zijn met 
ruminatie of depressieve symptomen wanneer men geconfronteerd wordt met stress. 
Prospectieve studie 
In deze studie werd via een longitudinaal design onderzocht of 
werkgeheugenfunctioneren de toekomstige reactie op stress kon voorspellen. Hiervoor 
werd gebruik gemaakt van twee gevalideerde werkgeheugentaken, de operation span 
task (Unsworth, Heitz, Schrock, & Engle, 2005) en de internal shift task (De Lissnyder et 
al., 2010), die de verwerking van non-emotionele en emotionele informatie in het 
werkgeheugen nagaan. Vervolgens werden de ervaren stress, ruminatie, en depressieve 
symptomen wekelijks bevraagd tijdens de examenperiode. Ten slotte waren er nog 
twee metingen van ruminatie en depressieve symptomen 12 en 18 maanden na de 
basismeting. We konden aantonen dat een betere prestatie op de operation span task 
gerelateerd was met een snellere afname van ruminatie naarmate de examenperiode 
vorderde. De meerderheid van de voorspelde associaties konden echter niet bevestigd 
worden. Er was dus geen eenduidig bewijs dat werkgeheugenfunctioneren de respons 
op stress kon voorspellen. Dit zou deels verklaard kunnen worden doordat de 
examenperiode onvoldoende als stresserend ervaren werd. Verder was de bevraging 
van stressoren beperkt tot vragenlijsten die één maal per week op een vast tijdstip 
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 moesten ingevuld werden. Alternatieve indicatoren zoals visueel analoge schalen of 
meer ecologische metingen (zie bijvoorbeeld Pe, Raes, & Kuppens, 2013) zouden meer 
sensitief kunnen zijn voor korte termijn veranderingen tijdens de examenperiode. 
Trainingsstudies 
In het laatste empirische hoofdstuk werd de eigenlijke causaliteitshypothese 
getest in twee gerelateerde experimenten. Hiervoor werd de dual n-back taak (Jaeggi et 
al., 2008) gebruikt als experimentele manipulatie van het werkgeheugen. Deze taak is 
één van de meest gevalideerde trainingstaken die zich aanpast aan de prestatie van de 
proefpersonen en daardoor een constant en intensief gebruik van het werkgeheugen 
vereist. Proefpersonen werden geselecteerd op basis van hoge ruminatiescores en 
random ingedeeld in een experimentele groep of controlegroep. In de controlegroep 
werd een single 1-back taak uitgevoerd, die grotendeels dezelfde kenmerken heeft als 
de dual n-back taak, maar het werkgeheugen slechts minimaal belast. Voor en na de 
trainingsperiode (20 minuten per dag gedurende zes dagen) werd de prestatie 
nagegaan op meerdere taken die verschillende aspecten van 
werkgeheugenfunctioneren meten met zowel non-emotionele als emotionele stimuli. 
Daarnaast werden ruminatie en depressieve symptomen gemeten via vragenlijsten. 
Deze vragenlijsten werden nog een derde keer afgenomen, twee weken na de laatste 
trainingsdag. In het tweede experiment werd bijkomend gecontroleerd voor 
metacognitieve overtuigingen met betrekking tot ruminatie (Papageorgiou & Wells, 
2001), om na te gaan of verbeteringen in het werkgeheugen zouden kunnen leiden tot 
meer capaciteit om te rumineren, indien men rumineren als positief of helpend 
beschouwt. 
Ondanks duidelijke verbeteringen in de prestatie op de dual n-back taak in de 
experimentele groep, werden in geen van beide experimenten significante verschillen 
vastgesteld tussen de experimentele groep en de controlegroep. Dit bevestigt nogmaals 
dat het vinden van betekenisvolle overdracht van trainingseffecten één van de 
belangrijkste uitdagingen is binnen dit onderzoeksdomein. Verschillende factoren 
kunnen bijgedragen hebben tot het uitblijven van significante effecten. Het is mogelijk 
dat de hoeveelheid en intensiteit van de training te beperkt was om tot meetbare 
182
Nederlandse samenvatting
 verschillen te leiden. Bovendien werd er gebruik gemaakt van een steekproef van 
universiteitsstudenten. Ondanks hun verhoogde ruminatiescore is het mogelijk dat er 
gezien hun relatief goed cognitief functioneren te weinig ruimte was voor verbetering. 
De gebruikte steekproef beperkt dus de generalisatie van de bevindingen. Verder werd 
in recente studies vastgesteld dat een emotionele variant van de dual n-back training 
tot verbeteringen leidt in de verwerking van emotionele informatie (Schweizer et al., 
2013; Schweizer et al., 2011). Het gebruiken van een emotionele training die specifiek 
inwerkt op de verwerking van emotionele informatie in het werkgeheugen lijkt dus een 
veelbelovende richting voor verder onderzoek. 
Algemene conclusie en implicaties 
In dit project kon de causaliteit van de associatie tussen verstoringen in het 
werkgeheugen en depressieve symptomen niet bewezen worden. Bovendien kon er ook 
geen eenduidige cross-sectionele of prospectieve associatie aangetoond worden. Op 
basis van deze resultaten kunnen we stellen dat de verstoorde werkgeheugenprocessen 
die in voorgaand onderzoek aangetoond werden (e.g., Joormann & Gotlib, 2008; 
Joormann et al., 2011; Levens & Gotlib, 2010) niet bij iedereen en onder alle 
omstandigheden een betekenisvolle rol spelen. Een depressie kan ontstaan uit een zeer 
diverse combinatie van biologische, cognitieve, persoonlijke, interpersoonlijke en 
situationele factoren. Dit doet vermoeden dat problematisch functioneren van het 
werkgeheugen slechts in een specifieke subgroep van alle mensen die lijden aan 
depressie een causale rol speelt. Er werd bovendien een diverse combinatie gebruikt 
van werkgeheugentaken, met zowel non-emotionele als emotionele stimuli. Dit wijst 
erop dat er geen algemeen gebrek is in het werkgeheugen van mensen die een 
verhoogd risico hebben op depressie, maar eerder verstoringen in zeer specifieke 
processen bij het verwerken van specifieke, emotionele informatie.  
Toekomstig onderzoek moet dus verder nagaan welke specifieke processen in 
het werkgeheugen aangetast zijn, en onder welke omstandigheden deze tot uiting 
komen. Hoe duidelijker deze processen in kaart gebracht zijn, hoe specifieker een 
trainingsmethodiek kan uitgewerkt worden die op deze processen inwerkt. Daarnaast 
moet nagegaan worden of een subgroep kan geïdentificeerd worden bij wie deze 
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 processen een belangrijke rol spelen in het tot stand komen en in stand houden van 
depressie. Toekomstige trainingsstudies en eventuele klinische interventies kunnen dan 
op deze subgroep gericht worden, of potentiële deelnemers kunnen gescreend worden 
op deze specifieke verstoringen in het werkgeheugen. 
Op basis van enkele veelbelovende resultaten in recente studies (Owens et al., 
2013; Schweizer et al., 2013; Schweizer et al., 2011; Siegle et al., 2007; Siegle et al., in 
press) zou werkgeheugentraining voor een deel van de patiënten die lijden aan 
depressie een waardevolle aanvulling kunnen zijn in de behandeling of hervalpreventie. 
Enkele van de voordelen van dergelijke computertraining zijn de laagdrempeligheid, 
lage kostprijs en de toegankelijkheid wanneer via een online platform gewerkt wordt. Er 
is echter nog nood aan meer onderzoek naar welk type training en welke intensiteit en 
frequentie het meest efficiënt is. Ook met betrekking tot lange termijn effecten en 
eventuele schadelijke neveneffecten is nog verder onderzoek vereist. Het is namelijk 
mogelijk dat werkgeheugentraining te cognitief belastend is voor mensen in een 
depressieve toestand, en dat dit leidt tot een faalervaring. Daarom is het belangrijk dat 
training die toegepast wordt in de klinische praktijk voldoende aangepast is aan het 
momentane functioneren van de patiënt, en dat deze voldoende motiverend en 
bekrachtigend is. Daarnaast moet de vooruitgang opgevolgd worden door een 
professionele hulpverlener. 
Samengevat werden verschillende veelbelovende bevindingen niet bevestigd in 
deze reeks van studies. Verschillende methodologische en andere factoren kunnen hier 
deels verantwoordelijk voor zijn. We kunnen echter wel stellen dat problemen in het 
werkgeheugen geen allesomvattende risicofactor voor depressie zijn. Volgens de 
huidige stand van zaken kunnen ze eerder beschouwd worden als een verstoring van 
specifieke processen bij het verwerken van specifieke emotionele informatie. Deze 
lijken bovendien niet bij alle personen die een risico lopen op het ontwikkelen van 
depressie een betekenisvolle rol te spelen. We argumenteren daarom dat verder 
onderzoek naar de specifieke mechanismen die onderliggend zijn aan de link tussen 
werkgeheugen en depressie, en de klinische toepassingen die hieruit kunnen volgen 
noodzakelijk is en potentieel kan leiden tot een waardevolle toevoeging aan de 
behandeling en preventie van depressie.  
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